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EDITORIAL 


Support  Crash  Injury  Research 

Washington  budget-slashing  and  talk  of  getting  more 
out  of  every  federal  dollar  spent  raises  the  possibility  that 
some  vital  activities  may  be  chopped  off  or  crippled 
simply  because  their  returns  have  not  been  sufficiently 
publicized  or  appreciated  by  top  policy-making  officials. 

One  little  group  which  has  pioneered  successfully  in 
the  commendable  objective  of  saving  human  life  is  the 
Crash  Injury  Research  project  of  Cornell  Medical  Col- 
lege. Everyone  should  know  more  about  its  work. 

There  now  is  almost  universal  acceptance  of  the 
value  of  accident  prevention.  But  the  Crash  Injury  Re- 
search project  has  gene  a significant  step  further— it 
works  to  reduce  the  toll  of  injuries  and  deaths  m those 
accidents  which  do  occur.  Its  accomplishments  are  im- 
pressive, and  it  has  proved  that  greater  achievements  are 
attainable  in  the  future  if  it  can  be  allowed  to  continue 
its  mission. 

Crash  Injury  Research  was  established  in  1942,  under 
its  present  director,  Hugh  DeHaven,  and  operated  until 
the  end  of  the  war  with  funds  provided  by  the  Office 
of  Scientific  Research  dr  Development  During  this 
period,  members,  of  the  project  woiked  directly  with 
the  Navy  and  Air  Force  to  establish  parallel  crash-injury 
studies  by  military  groups.  More  recently,  annual  sup- 
port har  come  from  the  Office  of  Naval  Research,  the 
Air  Force,  Army,  Navy  and  Civil  Aeronautics  Adminis- 
tration. 

This  project  set  up  at  Cornell  Medical  College  the 
first  acceleration-deceleration  facilities  for  testing  shoul- 
der harness.  It  built  the  first  dynamic  testing  apparatus 
for  40G  seats.  It  developed  an  inertia  lock  for  military 
shoulder  harness.  It  arranged  a forum  for  discussion 
of  civil  and  military  safety  problems  at  five  crash  injury 
research  conferences  held  at  the  National  Academy  of 
Sciences  under  the  auspices  of  the  National  Research 
Council. 

But  even  beyond  these  contributions,  the  project- 
working  with  other  divisions  of  Cornell  University 
through  the  Cornell  Committee  for  Transportation 
Safety  Research— has  been  directly  responsible  for  a 
widespread  stimulation  of  design  and  engineering 
thought  which  has  led  to  a growing  realization  by  engi- 
neers that  saf  sty  in  aviation  must  alsc  include  the  pro- 
tection from  injury  in  crackups. 

Using  crash-injury  findings  from  previous  accidents, 
engineers  have  achieved  a valuable  increase  of  safety  by- 
devising  structures  and  installations  which  reduce  ex- 
posure to  injury  in  survivable  accidents. 

CIR  has  worked  extensively  with  civilian  aircraft  de- 
s'gnen.  However,  its  findings— that  human  structures 
and  aircraft  structures  can  tolerate  the  force  of  severe 


crashes-have  directly  complemented  the  excellent  safety 
studies  conducted  by  the  Directorate  of  Flight  Safeti 
Research,  the  Aeromedical  Laboratory,  and  the  Office  o* 
the  Surgeon  General  of  the  Air  Force,  as  well  as  studies 
by  the  Flight  Safety  Division  of  the  Office  of  the  Chief 
of  Naval  Operations  and  the  Navy’s  Bureau  of  Medicine 
and  Surgery. 

The  design  of  crashworthiness  into  personal,  agricul- 
tural and  executive  aircraft  has  automatically  contributed 
to  safety  in  " off  the  shelf”  liaison  and  light  transport 
aircraft  now  used  by  the  Army,  Navy  and  Air  Force. 

It  has  contnbuted  to  increased  safety  in  large  trans 
port  planes,  as  well  One  notable  example  is  the  major 
redesign  in  forward  facing  passenger  seats,  attachments, 
and  safety  belt  installations  which  have  been  the  direct 
lesult  of  observations  on  the  dangers  set  up  by  steel 
seat  backs  in  small  planes. 

The  effectiveness  of  new  design  in  forward-facing  seats 
now  is  being  studied  by  the  project  for  comparison  with 
accident-injury  data  on  the  safety  of  rearward  facing  seats 
based  on  dbta  from  British  civil  and  military  experience 
as  well  as  from  other  sources. 

CIR’s  stimulation  of  research  on  problems  of  impact, 
energy  absorption,  crash  force  recorders,  kinematic  effects 
of  the  body  on  safety  belts  and  measurement  of  force  in 
controlled  crashes,  has  contributed  to  an  interchange  of 
concepts,  studies  and  findings  which  have  served  ef- 
fectively m increasing  the  safety  of  military  and  civilian 
flight. 

Although  the  engineering  ait  of  providing  protection  in 
accidents  is  still  young,  there  is  signal  evidence  of  the 
effectiveness  of  CIR’s  project  in  recent  extension  of 
crash-injury  studies  developed  in  aviation  to  the  auto- 
motive field  where  many  of  the  measures  now  used  to 
give  more  safety  in  aircraft  accidents  can  be  applied  in 
passenger  automobiles. 

Despite  CIR’s  humane,  unique  mission  to  save  life 
for  civilian  as  well  as  military  personnel,  and  in  ground 
vehicles  as  well  as  in  aircraft,  this  project-like  all  gov- 
ernment-supported research  programs  working  under 
the  "one-year  edict”— lacks  any  assurance  of  funds  for 
long-term  continuation. 

A short-term  policy  for  long-tenn,  effective  safety 
research  is  no  more  in  accord  with  good  business 
practices  of  government  than  short-term,  spasmodic 
spurts  and  slumps  in  our  vital  military  aircraft  production 
program  if  our  national  welfare  is  to  be  promoted  at 
maximum  efficienq'  and  effort. 

Crash  Injury  Research  Project  merits  the  continued 
support  of  its  federal  sponsors  whose  foresight  has  already 
contributed  to  CIR’s  effective  return  in  the  saving  of 
human  life. 

Robert  H.  Wood 
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FOREWORD 


Crash  Injury  Research,  a project  working  under  Office  of  Naval 
Research  Contract  N6onr  264-12,  is  jointly  supported  by  funds  provided 
by  the  United  States  Departments  of  the  Army,  Navy  and  Air  Force  and  the 
Civil  Aeronautics  Administration.  The  recommendations  appearing  in  this 
paper  do  not  necessarily  constitute  official  opinions  cf  the  sponsoring 
groups. 


The  Project  is  a part  of  the  Department  of  Public  Health  and 
Preventive  Medicine  headed  by  Dr.  M.  G.  Smillie,  and  is  under  the  direc- 
tion of  Hugh  De  Haven  at  Cornell  University  Medical  College  in  New  York 
City. 


Data  were  analyzed  and  the  report  was  prepared  by  3cris  Tour  in, 
Csccutivc  Analyst,  in  co!  Ictcrat  icr.  with  Hug*1  De  H»"en,  Director,  Salva- 
tore Hacri,  Accident  Analyst,  assisted  in  the  compilation  of  all  basic 
data. 


Crash  Injury  Research  is  particularly  indebted  to  Dr.  Irwin  D.J. 
Bross,  Associate  Professor  (Vital  Statistics)  in  Cornell's  Department  of 
Public  Health  and  Preventive  Medicine.  The  Project  also  gratefully  ack- 
nowledges the  technical  guidance  of  Dr.  John  D.  Coaklcy  of  Dunlap  and 
Associates,  Inc.  and  Dr.  Barry  G.  King,  Research  Executive,  Medical  Divi- 
sion, of  the  Civil  Aeronautics  Administration. 


ABSTRACT 


A study  of  1039  survivors  of  llghtptana  crsshss  - ranging  fro*  aoderate 
to  axtreaaly  tavara  in  nstura  - has  been  aade  in  order  to  factually  evaluate  the 
Inlury  effects  of  2 inch  lap-typa  safety  belts  with  a loop-holding  capacity  froa 
1000  to  2000  pounds. 

The  results  of  64  statistical  tests  are  presented  and  the  fo 1 1 ow I ng  con- 
clusions are  drawn: 

1.  Thera  Is  no  correlation  between  severe  snubbing  action 
of  safety  belts  (as  evidanced  by  brulaaa  and  contusions 
of  hips  and  abdoann)  and  the  occurrence  of  I ntra-abdoa 1- 
nal  injuries  *•  ‘njurles  of  the  luabar  spine; 

2.  The  occurrence  of  Injuries  which  are  dangeroua-to-1 i fe 
is  related  to  objects  and  structures  or  the  transaittal 
of  force  through  ssats,  rather  than  to  safety  belta; 

3.  Injuries  of  the  neck,  torso  and  spine  are  not  related  to 
the  use  or  non-use  of  safety  belts,  but  injuries  of  the 
he«d  - including  head  Injuries  which  are  dangerous-to- 
llfe  - and  dangerous  injuries  of  the  head  and  body  as  a 
whole,  are  increased  when  the  belt  Is  not  used; 

4.  injuries  of  the  upper  and  the  lower  torso  are  associated 
with  and  Increased  by  fsilure  of  safety  belt  installations; 

5.  Failure  of  safety  belt  installations  Increases  the  inci- 
dence of  all  degrees  of  injury  of  the  head,  as  well  as  the 
occurrence  of  dange rous -t o-l  1 f e injuries  of  the  head  and 
body  as  a whole; 

6.  injuries  of  the  lead,  both  non-dange rous  snd  dangerous, 
are  associated  with  and  incraased  by  forces  acting  prin- 
cipally in  parallel  relation  to  the  longitudinal  axis  of 
the  plane; 

7.  Forces  which  act  principally  in  a vertical  direction 
through  the  seats  account  for  increasad  rates  of  (a)  dan- 
gerous injuries  to  the  head  and  body  as  a whola,  (b)  all 
types  of  luabar  and  dorsal  spine  injuries,  and  (c)  Intra- 
abdoainal  Injuries. 

The  statistical  findings  deaonstrate  that: 

i.  The  safety  belt  is  not  'dangerous*; 


I i 


?.  The  safety  belt  provides  protection  for  the  body  n 
crashes;  and 

3.  Injuries  which  may  have  seeeed  related  to  safety  be'.ts 
directly  actually  are  determined  by  other  factors  such 
as  safety  belt  installation  failures  and  vertically  act- 
ing forces  in  accidents. 

The  findings  indicate  that  a significant  decrease  in  exposure  to  cratn 
njuries  in  small  planes  can  be  achieved  b y t — . _ 

1.  Providing  safety  belt  instillations  (webbing,  hardware, 

carry-through  and  anchorage  points)  which  will  hold  oc-  — __ 

Cupants  in  place  under  conditions  of  crash  force  which 

leave  cockpit  and  cabin  structures  reasonably  intact; 

2.  Wearing  safety  belts; 

3.  Using  shoulder  harness  to  prevent  forcicle  contact  of 
the  head  and  upper  torso  with  structures  or  objects 
having  dangerous  injury  potentials: 

■I.  Designing  the  landing  gear,  fuselage,  floor  and  seat 
structures  to  progress  ive  1 y absorb  vertically  acting 
crash  force. 
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NEBBING  PASSES  OVER  JUNCTURE  OF 
THIGHS  AND  PELVIS  AT  APPROXIMATELY 
15°  TO  LONGITUDINAL  AXIS  OF  AIRPLANE. 


ft  6UR£  /:  TYPICAL  SAFETY  BELT  INSTALLATION 
IN  CIVILIAN  AIRPLANES  USED  FOR  CCIR  STUDY. 


INTROOUCT  ION 


Ever  a in ce  safety  belts  were  first  installed  in  aircraft,  their  use 
haa  bean  challenged  because  of  the  belief  that  they  caused  serious  bodily  in- 
juries. it  was  held,  for  example,  that  the  snubbing  action  of  lap-type  safety 
belts  (see  Figure  i)  with  a loop-holding  capacity  of  2000  lbs.  (see  Figure  6, 
page  14)  was  a direct  cause  of  ruptures  of  abaominsl  viscera.  Rumors,  usuai’y 
based  on  conclusions  drawn  from  violent,  d i s i n t e g rat i on - 1 y pe  crashes  also  per- 
petuated the  belief  that  safety  belts  cut  the  body  in  two  in  severe  accidents. 
Alao,  it  was  Maintained  that  the  snubbing  action  of  safety  belts  resulted  in 
acute  flexion”  of  the  torso  with  consequent  danage  of  Internal  organs  and  the 
spir.e. 

On  the  other  hand  there  are  those  who  were  inclined  to  over-rate  the 
protective  values  of  the  safety  belt  - and  consequently  under-rate  the  value 
of  shoulder  harness  and  the  need  of  crashworthiness  and  improved  design  of 
cockpit  and  cabin  installations. 

These  opposing  views  demonstrated  the  need  of  fictt  for  evaluating 
the  injury  effecta  of  aircraft  safety  belts.  This  report  studies  injuries  sus- 
tained by  i 039  survivors'  of  670  lightplane  crashes  and  relatea  these  injuries 
to  their  causes.  Statistical  analyses  have  been  employed  to  determine  whether 
aafety  belts  used  in  U.  S.  civil  aircraft  protect  or  endanger  the  body  in 
crashes. 


METHODS  and  PROCEDURES 


The  first  step  in  the  study  was  to  select  data  which  would  be  perti- 
nent to  the  problem,  appendix  /-deacribes  the  nature  of  CiR  data  and  gives 
the  rationale  for  the  extraction  of  cases  which  were  studied. 

One  of  the  primary  bases  for  analysis  was  a comparison  of  injuries 
which  were  caused  (i)  directly  by  the  belt  and  (2)  indirectly  by  the  belt  and/ 
or  not  by  the  belt  at  ell.  Further  analyses  examine  the  influence  of  other 
factora  poasibly  related  to  injuries  by  comparing  rates  of  injury  (i)  when  the 
belt  was  used  and  was  not  used,  (2)  when  ssfoty  belt  i nsta  1 1 at  i ons  remained 


' ALTHOUGH  THIS  REPORT  DEALS  WITH  'SURVIVORS'  • PERSONS  VKO  LIVED  F OR  24  HOURS  SUtSEOUENT  TO  THE 
ACCIOEHT.IT  SHOULO  HOT  *E  PRESUMED  THAT  ALL  THE  INJURIES  RE  RE  SURVIVED.  OP  THE  1039  SURVI. 
VORS  . 306  WERE  INJURED  TO  A ‘SERIOUS*  OR  'CRITICAL'  DECREE.  THIRTY. SEVER  Of  THESE  SURVIVORS 
WERE  REPCrRTEO  TO  HAVE  OIEO  OP  THEIR  IHJURIES  24  OR  WORE  HOURS  AFTER  THE  /CCICEHT.  IH  THESE 
CASES.  CAUSES  OF  DEATH  WERE  APPAREHT  WITHOUT  HE  EO  OF  AUTOPSY.  AHD  HELICAL  DATA  WAS  SUFPIC. 
IER-LY  DETAILED  TO  COHFIRW  AH  EXTREMELY  LOW  IHCIDCHCC  OF  I H TRA  . A SO  OM  I HA  L AHD  I H T RA  - TH  ORA  C I C 
IH JUR  ICS  . 
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intact  or  failed,  and  (3)  when  the  principal  direction  of  crash  force  acted  in 
vertical  or  parallel  relation  to  the  longitudinal  a^is  of  the  plane.  The  com- 
parisons were  based  on  percentages  of  survivors  sustaining  varying  classes  and 
combinations  of  injuries  of  all  degrees,  Including  dangerous-to- 1 i fe  injuries'. 
appendix  2 lists  the  classes  and  combinations  of  injuries  studied  and  the  num- 
bers of  survivors  sustaining  these  injuries. 

A tally  of  the  number  of  injuries  for  each  class  and  combination  of 
injury  permitted  early  comparisons  of  injury  tates.  Conclusions  based  on  per- 
centages were  then  tested  for  validity  cy  statistical  analyses  applied  to  each 
set  of  conditions  which  eight  be  a factor  in  causing  injury.  Fo'  example,  the 
rates  of  su  rv  i v or- i nj  » ry  when  belts  were  used  and  when  belts  were  not  used  were 
statistically  compared  by  Chi-square  metheds  to  determine  whether  any  diffe- 
rence in  rates  of  injury  was  significantly  related  to  the  fact  that  the  belts 
were  used  or  r.ot  used  - or  whether  any  difference  was  attributable  to  chance. 
The  methods  employed  and  various  statistical  considerations  form  a portion  of 
the  ANALYSIS  section  of  this  report.  Numerical  data,  percentages  and  statisti- 
cal computations  are  shown  in  APPENDICES  2 tnd  3. 


SECTION  I 


BASIC  DATA 


PART  /:  Body  Areas  Injured 

Examination  of  the  pattern  of  injury'  sustained  by  the  1039  survivors 
studied  for  this  report  reveals  tnat  tne  following  percentages  of  survivors 
sustained  injury  in  the  body  areas  indicated  below: 


6C0Y  AREAS 


PERCENTAGE  0? 
SURVIVORS  INJURED 


HEAD  79.9 
KECK  (Including  cervical  spine}  6.1 
UPPER  TORSO  (including  dorsal  spine)  19.8 
LOWER  TORSO  (including  lumbar  spine)  23.9 


--SPINE  (as  a unit  comprising  cervical, 
dorsal  and "I  unbar  spines) 

EXTREHITiES 


15.8 
59.  i 


it  will  be  observed  that  the  head  is  injured  sore  than  3 tines  as 
often  as  the  lower  torso,  which  is  adjacent  to  the  safety  belt  and  which  in- 
cludes, in  addition  to  the  abdomen  and  its  contents,  the  lumbar  spine,  the 
~0dTviT'rafrer-u«T-.h-ioa4_. buttocks,  perineum  and  genitalia.  Nevertheless,  merely  be- 
cause all  these  portions  of  (fie  TOwer-torso--a-ce_.inju.rp  d less  frequently  than 

the  head,  does  not  mean  that  the  safety  belt  is  not  dangerous.  ’Th‘B~iroiirber-of-.. 

survivors  with  lower  torso  injuries  (248  out  of  1039)  is  still  a matter  of  con- 
cern in  assessing  the  presumed  dangerousness  of  safety  belts.  These  248  cases 
provide  a basis  for  critical  statistical  analyses  to  determine  whether  many, 
all,  or  only  a few  of  the  lower  torso  injuries  are  attributable  directly  to  the 
belt,  and  also  how  many  of  these  be  1 1- in j u r ies  are  dangerous  to  life.  However, 
statistical  study  is  necessary  to  determine  not  only  relationships  between 
primary  c*un  t irt  factors  and  towar  torso  injur  in,  but  also  between  these  fac- 
tors and  injuries  In  ctner  zross  s'cis  sf  ft a body. 


1 The  pattern  cr  injury  sustained  av  thc  1039  survivors  studied  for  this  report  closely  re. 

SEMSLES  IN  JURY. PA  T TERM  3 OISCUSSEO  IN  EARLY  CIR  REPORTS: 

A.  NRC  COMMITTEE  ON  AVIATION  MEDICINE  REPORT  *230,  N OVE  M IE  R . I 943  : ' I N JU  R I E S 
in  Thirty  i i oh t . a i rcra ft  acc  ioents  ' . av  hush  De  h a ven  . Corne  ll  university 
meoical  College  . 

B.  Crash  Injury  Research  Re  for  t . julv  . I 952  ; ' The  S i te  . Preouency  ano  Oangercus. 
ness  or  Injury  Sustaiheo  av  800  Survivors  of  lichtplane  Accioents*. 
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PART  II;  Humber  of  Survivors  Using  Belts:  Types  of  Beit  Installation  failures 

Data  extracted  from  case  records  of  the  1039  survivors  were  tallied 
according  to  use  and  effectiveness  of  safety  belts.  By  chance,  exact)/  1000  of 
the  survivors  used  their  safety  belts:  39  did  not. 

figure  2 shows  the  numbers  of  survivors  whose  belt  installations  re- 
mained intact  - or  failed  - when  seats  remained  In  place.  Tne  relatively  high 
incidence  of  belt  installation  failure  (nearly  25j4  of  installations  failed) 
immediately  suggests  that  belt  installation  failure  may  be  a factor  in  dlct;.-.- 
ing  injury  patterns.  This  observation  therefore  was  tested  and  analyzed  in 
subsequent  sections  of  the  study. 

Breakdown  of  failures  of  safety  belt  installations  Into  types  of  fail- 
ure revealed  that  the  various  categories  of  failure  were  too  small  for  analysis 
In  relationship  to  injuries.  The  breakdown,  however,  may  be  of  some  interest  to 
engineers  and  safety  groups  and  is  therefore  presented  In  Figure  3. 


Effectiveness  of  Safety-Belt 
Installations  among  1000 
Safety-Belt  Users 


KEY 

n Survivors  whose  seats  and  safety  belt 
installations  remained  intact. 


Survivors  whose  seats  remained  in  place 
and  whose  safety  belt  installations  failed. 


Survivors  whose  seats  pulled  free,  leaving 
effectiveness  of  safety  belt  installations  uncertain. 


7 2.7%  22.151  s.7% 

FIGURE  2 
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Types  of  Safety  Belt  Installation  Failures 

i n 

221  Cases  where  Seats  Remained  in  Place 


Webbing  breakage 


Fa  I I u re  of 

End  Attachment  (s) 


Buck  1 e s I i ppage 


Breakage  of 
Anchorage  Po i nt  (s) 


SECTION  I i 


ANALYSIS 


part  /;  Relationship  between  Severe  Snubbin;  Action  of  Safety  Belts  and 
the  Occurrence  of  Intra-Abdominal  end  Lumbar  Spine  injuries 


Discussion  of  the  value  of  safety  belts  often  has  been  confused  by  the 
belief  that  severe  snubblno  action  produced  "acute  flexion  of  the  torso  over 
the  safety  belt"  with  consequent  intra-abdominal  and  spinal  Injury.  Xhlle 
Crash  Injury  Research  firmly  believes  that  >ickkmf  mg  rather  than  flexion  com- 
mon 1 y takes  place  in  crashes  (see  Figure  4)  the  question  of  the  dangerousness 
of  safety  belts  is  only  incidentally  related  tc  the  kinematics  of  the  human 
body  in  crashes.  The  important  - and  pertinent  - question  is  whether  the  snub- 
bing action  of  safety  belts  (regardless  of  whether  jackknifing  sr  flexion  takes 
p!ace)  is  associated  with  Intra-abdominal  end  spinal  injuries. 


JACKKNIFING 


“FlLXICN- 


Among  the  1000  survivors  who  were  ut  mg  ssfety  belts,  240  sustained 
some  Injury  of  the  lower  torso.1  Upon  examination  of  these  240  cases  we  find 
that  there  were  116  instances  of  lumbsr  spine  Injury,  33  instances  of  intra- 
abdominal injury  and  80  Instances  of  bruises,  contusions  or  tenderness  of  the 


’ Fo*  O E TA  I LE  0 OATA  OH  T HZ  TYPES  AH0  NUMSE*  OF  LOWE  A TO««0  INJURIES  SU  S TA  I N E D . » E I APPENDIX  2. 
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esswuttW*  nr*’i^, 


hips  and/or  abdosen.  These  80  cat**  g I v«  SO  tsngiblt  tv  idtnets  of  stvtrt  mut- 
bing  tefion  by  tsftfy  btttt,  and  are  used  In  the  cosparltont  and  statistics! 
tests  which  follow. 

Table  I,  below,  records  data  on  the  occurrence  of  I nt ra-abdos i na I In* 
jury  both  with  and  without  evidence  of  severe  snubbing  action. 


TABLE  I 

The  Occurrence  of  Intra-Abdosinal  Injury  In 
Relation  to  Severe  Snubbing  Action  by  Safety  Belts 


NUMBER  OF  SURVIVOR 


* I TH 

I N TR*  -Aao  OM  INAL 
INJURY 


total  number 

or  SURV I VORS  11$  INS 
Safety  Bel ts 


ble  I shows  that  Intre-a 
bfcing  action  (bruises,  c 
i of  the  survivors.  Intra 
ct ! on  among  5 % of  the  su 
y equal  frequency  - 3.2J 
snubbing  action.  The  s I I 
ages  was  statistically  t 
st  confirmed  the  evldenc 
btfwetn  ttvtrt  snubbing  jetton  of  nfsty  it  i t»  (as  de  sons  t re  ted  by  bruises, 
contusions  or  tenderness  of  hips  and/or  abdosen}  tnd  tht  oecurrtnet  of  mtrs- 
*bdo*i ns ! injury. 

The  sane  procedure  was  applied  to  see  whether  there  was  a relationship 
between  severe  snubbing  action  of  belts  and  the  occurrence  of  lusbar  spine  In* 
juries.  Table  II  shows  the  occurrence  of  this  type  of  injury  both  with  andwlth- 
out  ev  loanee  of  sjiy^re-  SniLh-b  i-tLq_ac-i  ion. 


TABLE  II 


The  Occurrence  of  Lusbar  Spine  Injury  in 
Relation  to  Severe  Snubbing  Action  By  Ssfety  Belts 


NUMBER 

OF  SURVIVORS 

wi tmout 

Evidence  or 

Severe 

Snubbing  Action 

with  Evidence  or 

SEVERE 

Snubbing  Action 

TOTAL 

W I TMOU T 

Lumbar  Seine  Injury 


Wl  TM 

Lumbar  Seine  injury 


Total  number 
or  Survivors  using 
Saecty  Belts 


It  will  be  observed  thit  luabar  spine  Injuries  occurring  tr ithout  evi- 
dence of  severe  snubbing  act  ion  were  susta  ined  by  109  out  of  920  - II. 8J  - of 
the  survivors.  L-ffbar  spine  Injuries  occurring  »i th  evidence  of  severe  snub- 
bing action  was  sustained  by  7 out  of  80  - 8.8S  - of  the  survivors.  Thus,  lua- 
bar spine  injuries  occur  with  nearly  equal  frequency  - there  Is  only  a 3%  dif- 
ference - either  with  or  without  evidence  of  severe  snubbing  action  by  safety 
belts.  The  slight  difference  between  these  two  frequencies  or  percentages  wes 
statistically  tested  {appendix  3,  test  2)  and  it  was  found  that  thoro  is  no 
i ign  i f / e*nt  corn  lotion  bmtweon  rn  $ irvmrm  snubbing  teflon  of  ssfoty  bo  / ft  tnd 
tho  occurronco  of  lumbor  spin o danqo . 

Since  neither  intra-aiiooninai  nor  luabar  spine  injuries  correlate  with 
sevare  snubbing  action  it  is  clearly  suggested  that  soae  factor  other  than  the 
safety  belt  is  responsible  for  their  production.  A clue  to  the  nature  of  this 
factor  would  be  previdad  if  it  ware  found  that  i n t ra-e bd oa i na 1 injuries  and  lua- 
bar spine  injuries  are  ro/otoJ  to  oocA  aihor.  Table  III  shows  the  occurrence  of 
luabar  spine  injury  both  with  end  without  the  occurrence  of  intra-abdoainal  in- 
jury. 


TABLE.  Ill 

The  Occurrence  of  Luabar  Spine  injury  in 
Relation  to  the  Occurrence  of  |ntra-Abdo«ina,  Injury 

NUMBER  OF  SURVIVORS 

WITVOUT 

Lumsas  Srine  Injury 

Wl  TH 

Lumia*  Spike  Injury 

Total  number 
or  Suav 1 VORS  US IN5 
Safety  Belts 

■ 

862 

105  (10. »*) 

967 

WITH  INTRA -AID  OH  INAL 
1* JUrfY 

22 

II  (33.3%; 

33 

TOTAL 

884 

1 16 

1000 

Table  I*1  that  luabar  spine  injuries  occurred  » > thout  intra-ab- 
doainal injuries  aaong  10. 9^  of  the  survTvorsJ'  wiierea's  Fussier  s p i n«"  i h j S J l£*~ 
occurrad  */ 1 ft  intra-abdoainal  injuries  aaong  33. 3%  of  the  survivors.  This 
aerkad  difference  in  the  frequency  of  luabar  spine  injuries  - a difference  of 
22. qj  - suggests  that  luabar  spine  injuries  and  intra-abdoainal  injuries  are 
interrelated.  A statistical  test  (APPENDIX  3,  test  3)  was  therefore  undertaken 
to  deteraine  the  eitent  to  which  chance  dictated  this  22. difference,  it  was 
found  thet  chance  would  account  for  the  difference  in  less  than  I in  iOOOcases. 
Therefore  we  have  statistical  evidence  that  thorp  is  * strong  roiotionship  bo- 
twoon  t ft £ me  idonco  of  i n t r * -s  bdom  i no  / injuriot  snd  th*  occurronco  of  lumbor 
t pi  no  in  j ur  tos . 

Statistical  evidance  of  a relationship  between  luabar  spine  and  intra- 
abdoainal  Injuries  is  eitreaely  helpful  in  discovering  the  cause  of  these  in- 
juries. The  neat  step  Is  to  rind  e factor  which  is  common  to  both  types  of  in- 
jury. Lraalnation  of  the  nature  of  luabar  spine  Injuries  showed  that  these  con- 
sist chiefly  of  r empros s ion  fractures.  This  iaplied  that  severe  vertical  forces 
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acted  on  the  spinal  colvan.  Later  on  In  this  study  - In  tha  section  which  ex- 
astlnes  tha  relationship  of  injuries  to  principal  diractlons  of  cash  force  - 
It  1 1 1 be  sean  that  both  intra-abdoaina  I Injuries  and  lumbar  solne  Injurlc* 
are  strongly  related  to  vertically  acting  force.  At  the  present  point  in  the 
developaent  of  this  study,  however,  It  was  only  Important  to  establish  that 
the  snubbing  action  of  safety  belts  was  not  an  important  factor  in  producing 
intra-abdomins I Injuries  or  lumbar  spine  injuries.  Further  examination  of  ac- 
cident- inj ury  factors  such  as  the  use  of  the  belt  and  its  effectiveness,  as 
well  aa  the  direction  cf  crash  force,  must  be  undertaken  to  determine  csuses 
of  thesa  and  other  torso  injuries  - as  well  as  injuries  in  other  body  areas. 


<4  tgiVi-'lf  *H-m 


ANALYSIS 

(continued) 


PART  II:  Causes  of  Torso  injury 


it  has  been  established  by  C i R * s acc ident- I n j ury  analyses  that  bruises, 
contusions  and  areas  of  tenderness  of  the  hips  and/or  abdomen  usually  are 
di  rec t / y attributable  to  safety  belts.  Among  uO  out  of  1039  survivors  these 
beit-csused  Injuries  occurred.  However,  there  are  many  torso  Injuries  sustained 
in  crashes  which  may  be  attributed  to  the  belt  - indirectly.  For  example,  if 
only  a safety  belt  is  used  (and  the  body  is  net  restrained  by  shoulder  harness) 
the  safety  belt  may  cause  the  torso  to  jackknife  (i.e.,  hinge  t. ♦ tKe  hips), 
flail  forward  strike  objects.  In  auch  cases  the  body  may  sustain  a dire,  t 

Injury  from  the  snubbing  action  of  the  belt,  and  simultaneously  may  sustain  in- 
juries md ire: t / y attributable  to  the  belt  as  a result  of  the  pivoting  or  flail- 
ing action.  Thus,  contusions  and  puncture  wounds  of  the  chest,  fractured  ribs, 

I r t ra -t horac ic  injuries,  etc.,  can  be  considered  as  / nd / re c fly  related  to  the 
snubbing  action  of  the  safety  belt  - but  not  directly  ettributeb/e  to  the  belt . 

in  addition  to  injuries  related  directly  - or  Indirectly  • to  the  bait, 
there  are  some  types  of  lower  torso  injury  which  have  no  relation  to  the  belt 
at  all;  they  occur  without  relationship  to  stubbing  ection  of  the  safety  belt 
or  to  the  flailing  action  which  the  safety  belt  Induces,  injuries  of  the  but- 
tocks, perineum  and  genitalia,  for  example,  can  be  caused  by  control  sticks  or 
by  seats  deforming  and  presenting  broken,  sharp  edges.  Similarly,  puncture 
wounds  and  lacerations  of  the  abdomen  occasionally  are  Inflicted  by  broken 
"“structures  or  by  push-pull  tubes  from  which  control  wheels  have  sheared. 

in  addition  there  may  be  injuries,  such  es  pelvic,  spinel  end  internet 
injuries,  ceustd  by  severe  jolt  loeds  trensmilted  to  the  body  by  seets  end  sup- 
porting structures',  these  types  of  Injury  often  occur  without  any  signs  of  se- 
vere snubbing  action  of  the  belt  (i.e.,  bruises,  contusions  or  areas  of  tender- 
ness of  hirs  and/or  abdomen)  and  without  evidence  in  the  accident  itself  that 
the^  body  was  thrown  forcibly  against  any  other- obi a£-t  or-iiruri-ur*—  . — 

in  examining  causes  of  lower  torso  injury  among  1000  belt-using  survi- 
vors, there  wore  some  Injuries  for  which  causes  could  not  be  read  i 1 y asce rta i ned 
However,  these  cases  were  rare  - 2.9%  of  the  cases,  in  most  Instances  there  was 
little  difficulty  in  assigning  lower  torso  injuries  to  one  of  three  categories: 

(1)  those  caused  directly  oy  tne  belt; 

(2)  those  caused  by  contact  with  specific 
objects  and  structures; 

(3)  those  caused  by  jolt  loads  acting 
through  seats. 
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Srt  APPENDIX  X ros  CLASSIS  AND  tyscs  or  io»l»  tosso  injusiis  ACC0*r"'G  to  * CAUSt  * . 


Since  «o» t cauiti  of  Injuries  could  be  assignee  to  these  three  cste- 
gories,  the  percentage  of  cases  In  which  safety  belts  were  s £ ir»c t cause  of 
lower  torso  Injury  could  be  calculated.  For  purposes  of  convenience  In  the 
analysis  which  follows,  lower  torso  Injuries  caused  directly  by  the  belt  are 
referred  to  as  "be I t-caused * and  injuries  caussd  tithor  by  objects  and  struc- 
tures or  by  jolt  loads  sre  referred  to  as  *non-ba lt-caused*. 


Mhen  the  240  cases  of  lower  torso  injuries  - including  tuabar  spine 
Injuries  - were  tsll'ed,  It  was  found  that: 

30.4}  were  •belt-caused*; 

66. 7}  were  *non- be  I t-caused* ; 

2.9)1  were  caused  by  conditions  which 
which  could  not  be  reasonably 
dataral ned. 


in  suiury,  the  data  thuf;  show  that  the  safety  belt  is  a diroct  cause 
of  Injury  to  the  !o*tr  torso  only,  and  that  aaong  ths  1000  injured  safety-belt- 
wearing  aurvlvore  there  were  240  cases  of  lower  torso  injury  with  73  - or  30. 4}- 
cf  these  being  " be  I t-caused *.  Although  30.4}  seees  to  be  a considerable  propor- 
tion, it  is  significant  to  note  that  64  out  of  these  73  cases  - 87}  - consisted 
only -of  breleee,  contuilom  or  areas  of  tenderness  flf  ‘hips  and/or  abdonen.  A 
true  assessment  of  the  doiy«rau.i»n  of  safety  belts  should  be  besed  on  serious 
or  critical  (dangerous-to- I I f o}  Injuries  which  ara  "be  I t-caused ". 


It  was  found  that  aaong  the  dangero«s-to- 1 ife,  'belt-caused*  injuries, 
_3_wgjrg_  cases  Of  I n t r»  -ahd  ns  I na  1 injury!.- and-A-wara  <*»«*«  f 1uah«r  »nlm  In  |nr» 
which  had  bean  classified  at  'belt-caused*  on  the  basis  of  external  evidence  of 
severe  snubbing  action.  Thus,  9 out  of  / OOP  belt-users  - or  nine/tenths  of  one 
percent  of  the  survivors  - hod  dongorous  lowor  torse  injuries  for  which  tho 
sofoty  b*  / 1 could  reosorti  b / y to  considtrod  os  o diroct  eouso. 

The  next  step  In  the  esscssaent  of  the  denge rousness  of  safety  belts 
was  to  roa»»r-  * be  1 t-cs  us  sd  * with  *non  - bs  I t-caused*  dar.ger.-.us  lower  to;ao  In- 
juries. Table  IV  shows  the  derivation  of  thesa  parcantagea. 


Or  the  I03S  sjavivoas.  304  . measly  30*  ■ wese  'tcaiousLV’  oa  'Cbiticallv  m junto.  and  at 
LEAST  ST  or  THESE  SUBYIYOBS  WEat  BCSOhTEO  TO  HAVE  OITO  SUBSEQUENTLY.  In  THESE  CASES.  CAUSES 
or  de*t«  win  a r r a bent  without  weco  or  AUTorsv.  amo  wcoical  oata  wiki  surriciEwriv oe ta  ilco 
to  cc*rt»*  ah  e« TacwvLY  low  tHciorwcr  or  imtwa -a ebowiwAi  iwjuaiEt. 


TABLE  IV 


The  Occurrence  of  Dangerous  Loner  Torso  Injuries 
in  Relstlon  to  "Belt-Cause*  and  "Non- Be  It -Cause" 


num8£w  or  survivors 


WITH  • BELT. CAUSED' 
LOWER  TOM!  INJURIES 


With  'Hoe  - Be  lt.Caused  * 
Lower  Torso  injuries 


WITHOUT  WITH  TOT*t  NUMSER  OE 

DANGEROUS  0ANGEROUS  BE  L T .WE  A R I N S SUR  V I VOR3 

lower  Torso  injuries  lower  Torso  injuries  with  lower  Torso  injuries 


It  can  be  seen  in  Table  IV  that  a far  greater  percentage  of  survlvora 
had  "non-be l t-caused * dangerous  lower  torso  Injuries.  A chi-square  test  ex- 
acining  the  difference  between  the  proportions  of  * be  1 1* caused " and  "non-belt- 
esused"  dangcrs.'is  lower  torao  injuries  (APPEHD/x  3,  test  t)  Indicated  clearly 
that  dangerous  injuries  of  the  lower  torso  are  associated  with  objects  and 
structures  or  with  jolt  force  transmitted  through  seats  - rather  than  with  the 
safety  belt.  The  P-value  yielded  by  the  test  was  less  than  .001,  so  that  the 
■ore  than  401  difference  between  the  two  percentages  would  occur  by  chance  in 
less  than  I In  1000  slailar  instances.  It  can  therefore  be  predicted  on  a oa- 
sis of  this  test  that  in  survivable  lightplane  accidents  occurring  In  the 
future  - unless  existing  conditions  are  altjred  - dongorous  injur  ios  of  fho  lo- 
wor  torso  will  ossoeioto  with  objocts  snd  structuros  or  jolt  ioods  through  soots 


- rather  than  with  safety  belts. 


LOWER  TORSO  UPPER  TORSO  SPIRE  REU 


Percentages  of  Surv Ivor- Injury  According  to  Belt  Use  or  Ron-Use 

SURVIVES  US  IMG  BELTS  MBHHBMe 
SURVIVORS  10T  USING  8E  ITS  «vwvv<w. 


TYPE  OF  INJURY 


PERCSRTAGF.  OF  SURV  I VORS  iNJU'fED 


Asy  injury  rr  the  heao 


OS.  2ft) 


0»H«t SOU* .TO. I I F«.  HEAO  INJURIES 


ill  S.3») 


(4t .0*) 


Amy  injury  or  The  neck 
(ClfiVICM.  SPINE  INJUR  IIS 
I NC  LUO  C 0 ) 


(S  .Oft) 
(7  .7*) 


INJURIES  or  THE  NECK  V I TH  OU  Y 
CERVICAL  SPINE  INJURIES 


t 3 .6 ft) 

is. I*; 


Any  spine  injury 
(cervical.  OONSAL.  LUMRAR) 

OANCCROUS -TC-Lirt  SPINE  INJURIES 
(CERVICAL.  OORSAL.  LUMRAR) 

ANY  INJURY  OF  THE  CERVICAL  SAKE 


(ANY  INJURY  Of  THE  OORSAL  SPINE 


(ANY  INJURY  OP  THE  LUMRAR  SPINE 


■(16.0ft) 

(10.3ft) 

(10. Oft) 

( 5.1ft) 


(2.4ft) 

(2.5ft! 


(2.0ft) 

(5.1ft) 


(11  .6ft) 

( 5.1ft) 


lAJIY  INJURY  or  UPPER  TORSO 
‘(OORSAL  SPINE  INJURIES  INCLUOEOj 

Injuries  or  oorsal  spine  only 

(NO  OTHER  UPPER  TORSO  INJURIES) 

INJURIES  OF  OORSAL  SPIHr  » I TM 
OTHER  UPPER  TORSO  INJURIES 

INJURIES  or  UPPER  TORSO 


INTRA .TMORAC 1C  INJURIES 


(2.3ft) 

(2  .6*) 

( .6ft) 
(2.6ft) 


(2  .2ft) 

( Oft  ) 


(22.0ft) 
(1 5.4ft) 


(17.1ft) 

11.0*3*1- 


Any  injury  or  lower  torso 

(LL'MRAR  SPINE  INJURIES  INCLUOEO) 

INJURIES  or  LUMRAR  SPINE  ONLY 
(NO  OTHER  LOWER  TORSO  INJURILS) 

Injuries  or  lumrar  spine  with 
OTHER  LOVER  TORSO  INJURIES 

Injuries  or  lower  torso 

WITHOUT  LUMRAR  SPINE  INJURIES 
INTRA  .AROOMINAL  INJURIES 


(9.5ft! 
(2  ,6ft) 


(2.1ft) 
(2  .6*1 


(3.3ft) 
(2  6ft) 


124 .0%) 
(20.5ft) 


(12.4ft) 
( 15.4ft) 


F / OURE 


ANALYSIS 

(cont  (fund) 


part  III:  Relationship  between  the  Occurrence  of  injury 

end  Uee  or  Non-Use  of  Safety  Delta 


As  a further  basis  for  eva'isttor.  of  the  parforaanca  of  safety  belts, 
the  fraousncy  of  Injury  of  survivors  using  and  not  using  belts  was  studied.  Of 
the  1039  survivors  whose  acc  Ident- Inj  ury  reports  were  analyzed  for  this  study 
1000  used  baits  and  39  did  not.  While  a saaple  of  39  eight  seea  to  be  a seal  I 
one  to  use  In  coaparlsons,  the  statistical  aessuras  aaployed  herein  accord 
validity  to  the  analytical  results  obtained  froa  saalt  saaples. 1 

To  exaalne  Injury  frequencies  when  bolts  were  used  and  were  not  used, 
tallies  were  first  aade  of  torso,  neck,  spina  and  head  Injuries  asong  the  two 
groups  of  survivors.  Figure  5 shows  how  Injuries  to  each  of  these  gross  body 
arees  were  broken  down  into  sub-categor ies,  and  presents  the  percentage  of 
belt-users  and  non-users  sustaining  each  category  of  Injury. 

it  will  Immediately  be  noted  that  th*  ptrctnf  *gt  of  torso,  ntck  *nd 
spin*  injur  ft  *u*  t*  i ntd  by  both  it  / t ustrs  *nd  non-uitn  Is  simit*r\  In  no 
Instanca  did  the  frequency  of  Injury  differ  by  aore  than  6.9$.  This  siailarlty 
of  Injury  frequency  appeared  for  all  categories  of  injury  to  the  torso,  neck 
and  spine.  It  Is  notable,  however,  that  there  was  a wide  difference  in  the  fre- 
quency of  head  Injury  between  belt  users  end  non-uaers,  with  a reaarkably  high 
frequency  of  head  Injury  whan  belts  were  r.ot  used. 

Chi-square  tests  (APPtriDix  3,  tests  5-23)  were  used  to  exaaine  all  dif- 
ferences between  frequencies  of  Injury;  these  taste  showed  that  nowhtrt  *mong 
tht  injury  c*tpgori*i  wps  thtrp  *ny  sign  th*t  utt  of  tht  bt  / 1 inc.'ttstd  tht 
frtoutncY  of  injurit*  pf  tht  tono.  ntck  or  spin*.  By  contrast,  the  statistical 
tests  showed  that  *11  lypts  of  httd  d*m*gt,  » s wtll  *s  dtngtrous  httd  injur  ip  * , 
*r*  * j j oc  i * ttd  with  »nd  *re  incrtutd  by  non-ust  of  AJ.ft.ty  tiPJtx-  The  P--va  luma 
derived  froa  the  two  Chi-square  tests  on  head  Injuries  are  less  than  .001,  snd 
therefore  deaonstrate  that  chance  would  dictate  the  differances  in  injury  fre- 
quency in  less  than  I In  1000  cases.  Thus,  the  Increase  in  head  injury  frequen- 
cy is  governed  by  the  fact  that  safety  belts  were  not  used.  Nevertheless  • even 
though  usp  of  xpfpty  bt/ts  dtcrusts  chtncts  of  hud  injury  - the  fact  that 
there  were  382  head  Injuries  among  1000  belt-using  survivors  shows  that  safety 
belts  * font  do  not  give  auch  protection  against  head  Injury. 

The  influence  which  use  or  non-use  of  safety  belts  has  on  the  occurrence 
of  *ny  strious  or  critic*!  injury  of  tht  body  a * whe/t  can  now  be  considered. 
Table  V shows  the  numbers  of  survivors  with  serious  (5°)  and  critical  (6°)  head 
end  body  injuries  in  accordance  with  belt  use  or  non-use. 


’all  Chi-souase  tests  used  in  this  jtuoy  emtlsy  Yates’  coaaection  rc«  continuity. 
(SEE  APPENDIX  2 ! . 


i2 


TABLE  V 

The  Occurrence  of  Serious  end  Critical  Injuries 
cf  tSe  Head  and  Body  In  Relation  to  Use  o*  Hon-gse  of  Salts 


NUMBER  OE  SURVIVORS 

W ITh  DU  T 

Sir ! ous  os  Ca i r ica i 
mead  and  Body  injuries 

Us  lac  Safety  Belts 

715 

NOT  Us  ins  Safety  Belts 

16 

TOTAL 

733 

i85  (20.5*) 


21  (53.8%) 


306 


OTA  L NURSE* 
or 

Su* v i vo*s 


It  will  be  seen  that  the  percentage  of  survivors  seriously  end  criti- 
cally Injured  when  not  using  belts  is  far  greater  than  the  percentage  of  sur- 
vivors seriously  and  critically  Injured  when  using  belts.  The  25.3‘A  difference 
In  the  frequency  of  these  dangerous-to- 1 1 fe  Injuries  when  belts  were  not  used 
was  analyzed  statistically  {appcndix  3,  test  21)  and  It  was  found  that  sorious 
• fid  critic*!  dogroos  of  hood  ond  body  injury  oro  os  s oc  i s tod  with  ond  incroosod 
not  using  sofoty  bolts,  The  P-value  here  Is  less  than  .00!,  deaonstrat  Ing 
that  chance  dictates  the  difference  In  Injury  frequency  In  less  than  I in  1000 
cases.  Thus,  an  Increase  In  dangerous  (serious  and  critical)  head  and  body  In- 
juries Is  governed  by  whether  or  not  a safety  belt  Is  used,  and  the  inescapable 
conclusion  Is  reached  that  grootor  ovorotl  protoe t ion  for  tho  hood  ond  body 


from  dongorous  injur  tot  is  providod  by  tho  uso  of  sofoty  bolts. 
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ANALYSIS 

(continued) 


PAftr  tv:  Relationship  between  the  Occurrence  of  Injury 

and  failure  of  Safety  Belt  Installations 


1 

I 

! 

f 
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The  statistical  evidence  pressntad  thus  far  has  snown  that  rAe  us*  of 
stftfy  b*ft * it  not  d*ng»rout,  snd  tf fords  prottction  to  th»  body  ts  * who / ♦ - 
without  respect  to  whether  the  safety  belt  Installations  regained  Intact  or 
failed.  The  question  therefore  arises  as  to  ?k:thsr  injuries  are  Increased  by 
failure  of  safety  belt  Installations.  To  test  this  question,  the  frequency  of 
injuries  aaong  the  722  survivor t whott  b»  / 1 in*  t*  / /*  t / on*  r*m*in*d  _j_ nt*ct  was 


of  b»ft  in. 

e 1 1 I nsta  1 1a- 
of  the  type 
it  ra  I ght 


[ looo  I»T] 


AM* > «•*<•  ..«i) /skMiikti 1 - i|  , ik  i‘ 


LONER  TORSO  UPPER  TORSO  SPIKE  RECK  HEAD 


BODY 

AREA 


Percentage*  of  Survivor-Injury  According  to  Belt- Installat Ion 
Intactness  or  Failure 


survivors  whose  9eU-!nsta11ar  ion  was  intact* 
SURVIVORS  whose  Belt-Installation  FAILED  ■ 


TYPE  Of  INJURY 


Any  injjny  or  the  head 


Any  danse  nous  - to- l i ft 

HEAD  INJURY 


any  injury  or  the  neck 
(CERVICAL  SRINE  INJURIES 
INCLUDED  ! 

Injuries  or  tne  neck  wiv 

CERVICAL  SRINE  INJURIES 


ANY  SRINE  INJURY 
(CERVICAL.  DORSAL.  LUMSAR) 

ANY  OANCEROUS-TO-LirE  SPINE  IN- 
JURY (CERVICAL.  DORSAL.  S.UMBAR) 


PERCENTAGE  OF  SURVIVORS  INJURED 


Any 

INJURY 

OF 

THE 

CCRVICAL  SRINE 

(1  .7*) 
(3  .5*) 

Any 

INJURY 

OF 

THE 

OORSAL  SMN£ 

(2.8*) 

(2.3*) 

Any 

IKJURV 

OF 

tne 

LUMBAR  BRINE 

mm 

(3.3*) 

Any  injunt  or  urrer  torso 

(OORSAL  SPINS  INJURIES  INCLUDED) 

Injuries  or  oorsal  spine  only 
(NO  other  upper- torso  injuries) 

Injuries  or  uORSAL  spine  sith 

OTHER  UPPER  TORSO  INJURIES 

INJURIES  OP  UPPER  TORSO  RITMOUT 
DORSAL  SPINE  INJURIES 

INTRA. THORACIC  INJURIES 


Any  injury  or  lores  torso 
(luurar  spine  injuries  included) 

Injuries  or  lumbar  spine  only 

(NO  OTHER  LORES  TORSO  INJURIES) 

Injuries  or  lumbar  spine  sith 

OTHER  LOSER  TORSO  INJURIES 

Injuries  or  loser  torso 

WITHOUT  LUMBAR  SPINE  INJURIES 
INTRA  - A SO  OM  INAL  INJURIES 


lOu 

I 


(86.2%) 


V-a*  ; 3 - 5*) 

— ( 4 . b* ) 


(15.5*) 

(14.9%) 


(».a«) 

(9.5*) 


(38.0%) 


(17.7*) 


(31  .7*) 


(2.1*) 

I—  (2.3*) 

( .7*) 

( O*  ) 


(15.0*) 


(29.4*) 


(1.4*) 

(3.8*) 


(16.8*) 


(46  .6*2 


(2.5*) 


(33.0*) 


( .8*) 

(4.9*) 


(10.9*) 
(16.7*) 


(2.1«) 

(5.4*> 
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Figure  7 shows  the  frequency  with  which  various  clssste  of  torso,  neck, 
spine  and  heed  Injury  occurred,  according  to  whether  belt  I ns te I I s 1 1 one  regain- 
ed Intact  or  fs!l*d.  inepection  of  thir  figure  Immediately  Indicates  that  fail- 
ure of  safety  belt  Installations  has  a strong  Influence  on  changing  the  over- 
all pattern  of  survivor  Injury.  Differencee  In  Injury  frequencies  when  belt  In- 
stallations regained  Intsct  or  failed  were  statistically  examined  {APPENDIX  3, 
tests  2B-43),  and  it  wse  found  that  while  certain  Injury  categories  are  not 
sffeeted  by  safety  belt  installation  failures,  there  are  Important  categories 
which  are  significantly  related  to  this  variable,  in  particular,  it  was  shown 
that: 

(1)  injuries  of  the  upper  and  the  lower  torso  - with  or  without 
injuries  of  the  spine  - are  associated  with  and  increased  by 
failure  of  ssfety  belt  installations. 

(2)  The  occurrence  cf  neck  and/or  cervical  spine  Injuries  Is  not 
related  (o  failure  of  belt  installations. 

(3)  Frequencies  of  Injury  to  the  dorsal  spine  are  a I ■ 1 1 ar whe the r 
belt  installation:  fall  or  remain  Intact,  hut  Injuries  of  the 
lumbar  spine  increeae  when  belt  installations  fall. 

(4)  Intra-ebdominal  injuries  are  associated  with  and  increased  by 
belt  installation  failure. 

(6)  Intre-thorec  ic  injuries  tend  to  associate  with  belt  Installe- 
t ion  fa  I lure. 

(6)  Head  damages  of  ell  degrees,  as  well  ee  dangerous  degrees  of 
heed  injury,  Increase  with  the  failure  of  safety  belt  Instel- 
1st  I ons. 

The  effect  which  failure  of  safety  belt  installations  has  on  the  oc- 
currence of  serious  (5°)  and  critical  (6°)  injuries  of  the  head  and  body  was 
next  examined.  Table  VI  ahowa  the  number  of  survivors  with  serious  and  criti- 
cal head  and  body  injuries  in  relation  to  failure  of  safety  belt  installations. 


TABLE  VI 

The  Occurrence  of  Serious  and  Critical  Injuries 
of  the  Head  and  Body  in  Relation  to  Effectiveness  of  Safety  Belt  Installations 

NUMBER  OF  SURVIVORS 

W 1 THOU  T 

Serious  or  Critical 
hero  ano  Boot  injuries 

W 1 TH 

Ser 1 ous  0*  Critical 
heao  and  Boot  injuries 

Total  Numser 
or 

Survivors 

556 

166  (23. 0%) 

722 

1 33 

SB  (39.8%) 

221 

TOTAL 

669 

2 54 

943  * 

m 

Although  there  jere  1000  belt-using  survivors, 
data  cn  5?  ur.>  not  used  here;  in  these  57  cases, 
seats  pulled  *ree,  so  that  effectiveness  of 
safely  belt  installations  was  uncertain. 
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It  will  ba  seen  that  23. CJ  of  accident  survivors  sustained  serious  or 
critical  (da nge roua -t o- I i f a ) head  and  body  injuries  when  their  belt  Installs' 
t Iona  were  effective:  on  the  other  hand,  39.3%  of  the  survivors  whose  belt  In- 
stallations felled  sustained  dangerous-to- 1 i fe  head  and  body  injuries.  * stati- 
stical test  {appendix  J,  test  44)  confirmed  the  indication  that  serious  »na 
critic a!  injur  its  of  tht  head  and  booy  art  associittd  with  and  incrtastd  by 
failuro  of  safaty  bt  1 1 installations. 


The  statistical  evidence  froe  this  and  previous  teats  show  beyond  a 
doubt  that  tfftcfivtntss  of  safaty  heir  i ns  ta I / j 1 1 ons  provides  protection  in 
tccidtnfs;  failure  of  safaty  bait  installations  significantly  increases  expo- 
sure to  dangerous  crash  injuries. 


* 


FLIGHT  PATH 


FORCE  VECTOR 

figure  a : "FLAT"  - RICOCHETING  - ACCIDENT; 

PRODUCES  VERTICALLY  ACTING  FORCES  ON  AIRCRAFT 

SEATS  AND  OCCUPANTS.  0# 
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AKALYS IS 

(cont  inued ) 


PART  V:  Relationship  between  the  Occurrence  of  injury 

and  Principal  Direction  in  which  Crash  Force  Acts 


it  has  been  previously  noted  that  there  were  many  cases  of  injury  a- 
wong  the  survivors  which  could  not  be  attributed  to  either  the  safety  belt  or 
to  any  specific  object  or  structure,  in  these  cases,  the  survivors  had  sus- 
tained intra-abdoni na 1 and/or  spinal  injuries,  but  had  no  evidence  of  any  ex- 
ternal bruises,  contusions  or  areas  of  tenderness  which  could  be  traced  to 
structure  or  to  the  snubbing  action  of  the  safety  belt  as  causative  factors. 
Significantly,  it  was  found  (see  Section  it,  Part  i)  that  the  occurrence  of 
intra-abdominal  injuries  ia  associated  with  the  occurrence  of  lumbar  spine  in- 
juries. it  waa  therefore  considered  likely  that  some  other  factor  - not  pre- 
viously examined  - accounted  for  the  occurrence  of  these  injuries. 

Since  a large  proportion  of  torso  injuries  were  compress  ton  fractures 
of  the  dcrsal  and  lumbar  spines,  it  was  suspected  that  forces  act i ng vert  ica  I I y 
through  the  seats  might  be  responsible  for  these  - and  other  types  - of  inju- 
ries. To  test  this  assumption  it  was  necessary  to  make  comparisons  between  tne 
frequency  of  ir.jurios  in  the  presence  of  forces  acting  vertically  through  Lhe 
seats  and  of  those  occurring  when  'longitudinally*  acting  forces  were  present. 

It  is,  of  course,  common  knowledge  that  decelerative  forces  acting 
during  a crash  are  multiple  in  direction.  There  is,  however,  generally  a 
pr  inc  / p*  I force  which  exceeds  all  the  other  forces  in  magnitude,  and  which  de- 
termines the  resultant  or  vector.  For  example,  let  us  assume  that  a plane  makoa 
a crash  landing  with  the  nose  almost  level  (see  Figure  8).  The  force  acting 
vertically  through  the  floor  and  seats  is  far  greater  than  the  longitudinal 
force  opposing  the  forward  movement  of  the  plane.  Also,  should  the  plane  crash 
with  one  wing  low,  a lateral  component  of  force  might  be  introduced,  but  this 
force  probably  would  be  exceeded  by  the  vertically  acting  force.  The  direction 
of  force  in  this  crash  would  therefore  be  considered  to  b i principe! !y  verticil. 

in  extracting  caaes  for  comparison,  those  in  which  the  principal  force 
acted  chiefly  in  a vertical  direction  through  the  seats  were  placed  in  one 
group.  There  were  i 16  survivors  in  crashes  of  this  type.  Cases  in  which  the 
principal  resultant  or  vector  force  was  nearly  parallel  to  the  I ong i tud i na ! ax- 
is of  the  plane  were  put  in  another  - principally  longitudinal  force  group  - 
(see  Figure  9).  There  were  5aG  survivors  in  accidents  where  the  force  was  prin- 
cipally longitudinal. 

I f direction  of  crash  force  is  a definite  injury-producing  factor,  it 
might  be  expected  that  the  head  would  be  more  frequently  injured  in  accidents 
which  involve  crash  forces  acting  principally  in  a 'longitudinal*  direction  - 
since  longitudinal  force  impliea  that  the  head  will  continue  its  forward  'line 
of  flight*  and  come  into  forcible  contact  with  objects  and  structures.  To  tent 
this  assumption  the  number  of  survivors  sustaining  head  injury  was  obtained 


i 8 


FIGURE  9:  "HIGH  ANGLE"'  ACCIDENT: 

PRODUCES  LONGITUDINALLY  ACTING  FORCES  ON 
AIRCRAFT  SEATS  AND  OCCUPANTS. 

i 

& 
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from  each  of  the  two  group*.  Table  VII  show*  the  frequency  of  * l / degrees  of 
head  damage;  Table  VIII  shows  the  frequency  of  strious  and  critic*  l degrees  of 
head  injury,  with  respect  to  directions  of  crash  force. 


TA  BLE  VII 

The  Occurrence  of  Head  Damage  in 
Relation  to  Principal  Directions  of  Crash  Force 

NUMBER  OF  SURVIVORS 

W 1 THOU  T 

Hcao  Damage 

W 1 Tm 

HCAO  OAMACC 

Total  nuhser 
or 

SURV 1 VORS 

IN  ’LONCITUOINAL 

Force*  Crashes 

95 

485  'S3. 6%) 

580 

in  ’Vertical  Force’ 
Crashes 

30 

86  f 74 . 1 % ) 

tie 

TOTAL 

125 

571 

698 

Ti  eu  viii 

The  Occurrence  of  Serious  and  Critical  Head  injuries 
in  Relation  to  Principal  Directions  of  Crash  Force 

NUMBER  OF  SURVIVORS 

Without 

Serious  or  Critical 
hcao  injuries 

With 

Serious  or  Critical 

HCAO  INJURIES 

Total  numscr 
or 

SURV 1 VORS 

IN  'LONCITUOINAL 

force’  Crashes 

47  5 

105  (18.1%) 

580 

in  ’Vertical  Force’ 
Crashes 

104 

12  (10.3%) 

116 

TOTAL 

579 

117 

6 96 

Examination  of  Tables  Vii  and  Viii  shows  that  the  frequency  of  all  de- 
grees of  head  damage,  as  well  as  serious  and  critical  (dange rous -t o- I I f e)  in- 
juries of  the  head,  is  Its s In  crashes  involving  principally  vertical  force. 
The  suggestion  is  definite  that  the  occurrence  of  head  injuries  dtcrtasts  un- 
der conditions  of  vertical  crash  force.  This  suggestion  was  statistically 
tested  ( ApofMDtx  tests  45  and  46)  and  it  was  found  that  injuria .«  cf  t ha 

hud,  including  da  nga  r ou  s - t o • / / f a hud  injur  its,  trt  significantly  dtcrttstd 
whtn  t ha  d inaction  of  crash  forca  is  principally  vartictl.  Thus,  the  converse 
is  also  true:  htad  injur  its  art  i nc  r a as  ad  whtn  tha  d inaction  of  crash  forca 

is  principally  longitudinal , and  we  find  valid  statistical  evidence  demonstra- 
ting that  direction  of  crash  force  is  a significant  factor  in  the  production 
of  injury,  it  is  therefore  desirable  to  observe  whether  direction  of  crash 
force  has  any  association  with  strious  and  critical  Injuries  of  the  head  and 
body.  Table  IX  shows  the  number  of  survivors  in  each  direction  of  force  group 
sustaining  these  dangerous-to- I i fe  injuries. 
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LOWER  TORSO  UPPER  TORSO  3PIPE  NECK 


» 

t 


Percentages  of  $u  rv Ivor- Injury  According  to 
Principal  Directions  of  Crash  Force 


SUfSV!V0tf3  in  •Longitudinal  Force*  crasm£Si 
3'JRV  IVORS  in  -vertical  Force*  CRASHES 


BOOY 

AREA 


TYPE  OF  INJURY 


Any  injury  or  the  neck 
(CERVICAL  SWINE  INJURIES 
INCLUDED  ) 

INJURIES  or  THE  NECK  WITHOUT 
CERVICAL  SWINE  INJURIES 


Any  swine  injury 

(CERVICAL.  OORSAL.  LUMSAR’ 

Any  oancerous • to -l i rc  swine  in- 
jury (CERVICAL.  OORSAL.  LUMRAR) 

Any  injury  or  the  cerv ical  swihc 


Any  injury  or  the  dorsal  swine 
Any  injury  or  the  lumbar  swine 


Any  injuwv  or  uwwer  torso 
UoRSAL  SWINE  INJURIES  INCLUOKO) 

INJURIES  or  OORSAL  SWINE  ONLY 
(NO  OYNER  UWWER  TORSO  INJURIES) 

INJURIES  Or  OORSAL  SWINE  WITH 
OTHER  UWWER  TORSO  INJURIES 

Injuries  or  uwwer  torso  without 
OORSAL  SWINE  INJURIES 

INTRA  - TNORACIC  INJURIES 


Any  injury  or  lower  torso 
(lumbar  swine  injuries  incluoed) 

INJURIES  or  LUMRAR  SWINE  ONLY 

(NO  otner  lower  torso  injuries) 
Injuries  or  lumbar  swine  with 

OTHER  LOWER  TORSO  INJURIES 

Injuries  or  lower  torso  without 

LUMRAW  SWINE  INJURIES 
INTRA. ABDOMINAL  INJURIES 


PERCENTAGE  OF  SURVIVORS  INJURED 


(2  .6*) 

lw*  (1.7*) 
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I 


4,0 


6.0 


T 


(6 .4*) 
(5.2*) 


(3  .B») 
(2.5*) 


(6.7*) 


(M.3*) 


(3  .30 


(36 .2*) 


( .9*) 


(9.5*) 


(3.3*) 


(40.5*) 


(21 .0*) 
(22.4*) 


( .7*) 


(7  .8*) 


( .2*) 

Lw  (1.7*) 


(20.2*) 


(12.9*) 


12  .9*) 
( .9*) 


(14.7*) 


(55.2*) 


(2.2*) 


( .5*) 

w (a.:*) 


(34.5*) 


(11.9*) 

(12.1*) 


(2.8*) 

. (7.8*) 


FIGURE  10 
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TABLE  IX 

The  Occurrence  of  Serious  and  Critical  Injuries  of  the  Head  and  body 
in  Rotation  to  Principal  Directions  of  Crash  Force 

NUMBER  OF  SURVIVORS 

W;  thout 

St* ious  o*  Critical 
hc ad  ano  Boot  injuries 

*1  TM 

Serious  «*•  Critical 
head  ano  Boot  injuries 

Total  NuuatR 

OF 

SURV 1 V0RS 

IN  * LOW  Cl  TUO  INAL 
FORCE*  CRASHES 

430 

1 50  (2  5. 9%) 

560 

in  ‘Vertical  Force* 

CRASHC  S 

57 

59  <50  9%) 

1 16 

TOTAL 

4S7 

209 

696 

it  will  be  observed  that  150  out  of  580  (25.9%)  of  the  survivors  in 
crsshes  involving  longitudinal  force  sustained  serious  and  critical  injuriea; 

59  out  of  i i 6 (50.9%)  of  the  aurvivors  in  craahes  involving  vertical  force 
auatained  serioua  and  critical  injuries.  This  increase  of  25%  clearly  suggasta 
that  aerious  and  critical  head  and  body  injuries  are  increased  when  the  crash 
forca  ia  principally  vertical.  The  Chi-aquare  test  ( appendix  3,  test  •! 7)  proves 
that  t*r  ious  snd  critic* / injuri*t  of  th»  hud  tnd  body  pro  ttioc  ittod  with 
• nd  incroosod  by  principally  vrtic* / crsth  forco.  This  finding  oust  ba  viewed 
with  aose  caution:  it  should  not  be  interpreted  to  seen  that  'vertical  force" 

craahes  as  a class  are  aore  dangaroua  than  "longitudinal  force"  crashes.  A 
large  nuaber  of  "vertical  force"  craahes  are  ao  ainor  in  nature  that  no  Inju- 
riaa  are  sustained  - so  that  these  crashes  are  not  reported  to  CiR  for  inclu- 
sion In  accident- injury  studies. 

Aa  the  statistical  evidence  deaonatrates  that  "vertical  force"  is  a 
distinct  factor  in  endangering  the  body  in  crashes,  it  would  be  desirable  to 
deteraine  which  specific  classes  of  injury  are  associated  with  this  force. 
Figure  10  shows  the  percentages  of  survivors  sustaining  varying  categories  of 
torao,  neck  and  spine  injuries  when  crash  forces  acted  in  a principally  verti- 
cal or  in  a principally  longitudinal  direction. 

Mhen  the  differences  in  frequency  of  injury  are  analyzed  (testa  98-89) , 
It  iu  found  that  vr  t ic*  ! !y  *cttng  fore*  /*  » ligniftcsnt  fsetor  rolttivo  to 
corf  in  co  togor ios  of  in Jury ; the  occurrence  of  the  following  injuriea  was 
found  to  tncrooto  In  the  praaence  of  principally  vartlcal  crash  forces: 

i.  Oangeroua-to- I i f e injuries  of  the 
spina  aa  a unit; 


All  types  of  luebar  spine  injuriea; 
All  types  of  dorsal  spine  injuries; 
i ntra-abdoaina I injuriea. 
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The  importance  of  these  statistical  findings  on  direction  of  crash 
force  as  a factor  in  the  occurrence  of  injury  cannot  be  o it  res t i ma ted . The 
findings  strongly  suggest  a need  for  developing  structures  which  will  absorb 
and  cushion  vertically  acting  crash  forces.  This  eight  be  achieved  through  de- 
sign of  landing  gear  (with  ene rgy-abs o rb i ng  rather  than  abrupt  collapse  cha- 
rscte r i s t i cs)  integrated  with  improved  design  of  energy  absorbing  structures 
in  the  hull,  floor  and  seats.  Efforts  in  this  direction  could  effectively  re- 
duce exposure  to  injuries  of  the  dorsal  and  lumbar  spines,  ss  well  as  the 
chances  of  sustaining  i n t ra-a bdom  i n s I injuries. 
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SUMMARY 

and 

RECOMMENDATIONS 


SECTION  II  I 


SUMMARY  AND  RECOMMENDATIONS 


The  concept  th*t  lap-type  safety  belts  used  in  civil  aircraft  are 
dangerous  and  frequently  cause  injuries  is  not  supported  by  the  results  of 
this  statistical  study.  A consistent,  coherent  and  logical  body  of  evidence  - 
drawn  from  statistical  analyses  of  accident  and  injury  data  from  severe  but 
survivabie  liqhtplane  crashes  - shows  that  (i)  safety  belts  are  a very  infre- 
quent cause  of  ' n j u r y and  are  not  "dangerous";  (2)  safety  belts  provide  pro- 
tection for  the  body  in  crashes,  and  (3)  injuria*  which  may  have  seemed  di- 
rectly related  to  safety  belts  actually  are  determined  by  other  factors  such 
as  failure  of  safety  belt  installations  and  "vertically  acting"  crash  forces. 
These  conclusions  are  based  on  the  following  major  findings: 


1.  Nearly  82 % of  fort a injuries  are  not  caused  directly  by  the  safety 
belt.  Of  the  73  injuries  among  1000  survivors  which  were  directly 
attributable  to  safety  belts,  61  - 86 7J  - consisted  of  injuries  of 

a minor  nature:  bruises,  contusions  or  tenderness  of  the  hips  and/ 
or  abdomen. 

2.  Severe  snubbing  action  of  safety  belts  - as  evidenced  by  80  in- 
stances of  bruises,  contusions  or  tenderness  of  hips  and/or  abdo- 
men - does  not  correlate  significantly  with  the  occurrence  of  intra- 
abdominal injuries  or  lumbar  spine  injuries.  However,  these  two 
types  of  injury  are  related  to  each  other,  for  the  occurrence  of 
intra-abdominal  injuries  is  associated  with  and  increased  by  the 
occurrence  of  lumbar  spine  injuries. 

3.  Serious  and  critical  (dangerous-to- 1 ife)  injuries  of  the  lower 
torso  - intra-abdominal  injuries  and  compression  fractures  of  the 
first  two  lumbar  vertebrae  - are  related  either  to  objects,  struc- 
tures or  the  transmittal  of  vertically  acting  forces,  rather  than 
to  the  safety  belt. 

H.  The  frequency  of  injury  to  the  neck,  torso  and  spine  is  similar 
when  safety  belts  are  used  or  are  not  used,  whereas  the  frequency 
of  ail  degree*  of  head  injuries  - including  dangerous-to- i i fe  head 
injuries  - is  associated  with  and  increased  by  non-use  of  safety 
belts.  Non-use  of  safety  belts  also  significantly  increases  the 
chances  of  sustaining  any  serious  or  critical  (dangerous-to-1 i fe) 
injury  of  the  head  or  body. 

5.  Injuries  of  the  upper  and  the  lower  torso  are  associated  with  and 
increased  by  failure  of  safety  belt  installations. 

6.  Injuries  of  the  lumbar  spine  and  intra-abdominal  injuries  are  as- 

sociated with  and  increased  by  failure  of  safety  belt  insta 1 ia t i cns. 
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7.  Belt  installat'on  failures  increase  tho  occurrence  of  all  typns  of 
head  dimage,  including  serious  end  critical  degrees  of  damage. 

8.  The  chances  of  sustaining  any  sc.'  iocs  or  critical  (da  nga  r ous  - 1 o- 
liffc;  injury  of  the  head  or  body  are  incio'iaed  significantly  when 
safety  be  i t i n= * e I I a t i one  fail. 

9.  Head  injuries,  although  decreaaed  oy  the  use  of  safety  belts,  are 
significantly  associated  with  and  increased  by  principally  "longi- 
tudinal" crash  forces. 

10.  Serious  and  critical  (dan ge r ous -t o- 1 ife)  injuries  of  the  head  and 
body  are  associated  with  and  increased  by  principally  "vertical" 
crash  forces.  Principally  "vertical*  crash  forces  are  a significant 
factor  in  the  production  of  dangerous-to- I i fe  spine  Injuries,  all 
types  of  dorssl  and  lumbar  spine  damages,  and  intra-abdominal  inju- 
ries. 

RECOMMENDAT I ONS 


1.  Provide  safety  belt  installations  (webbing,  hardware,  carry-through  and 
anchorage  points)  which  will  hold  occupants  in  place  under  conditions  of 
crash  force  which  leave  cockpit  and  cabin  structures  reasonably  intact. 

2.  For  increased  protection  in  aircraft  crashes,  passengers  should  wear  their 
safety  bolts. 

3.  Shoulder  harness  should  be  worn  to  prevent  forcible  contact  of  the  head  and 
upper  torso  with  structures  or  objects  having  dangerous  injury  ootentials. 

4.  Engineering  effort  should  be  applied  to  designing  landing  gear,  fuselage, 
floor  and  seat  structures  to  progressively  absorb  vertically  acting  crash 
force. 


Decelerations  in  many  lightplane  accidents  studied  by  Crr.sh  injury 
Resea rch  loaded  standard  2-inch  safety  belts  up  to  - and  beyond  - their  ulti- 
mate  design  strength.  Decelerations  of  20  to  30g  were  computed  from  impact  vel- 
ocities and  stopping  distances  of  the  aircraft.  Twenty-two  percent  of  safety 
be!ts(the  majority  with  a loop-holding  capacity  of  2000  lbs.)  failed;  nine- 
tenths  of  one  percent  of  survivors  sustained  dangerous  inju.  ies  from  the  snub- 
bing action  of  safety  belts.  The  severity  of  such  crash  decelerations,  and  the 
low  frequency  of  ssfcty-balt  injuries,  suggest  that  the  conclusions  in  this  re- 
port are  applicable  to  similar  safety  belts  under  conditions  of  severe  crash 
deceleration  in  large  transport  type  aircraft. 

CiR's  computations  of  the  magnitude  of  crash  decelerations  in  small 
planes  have  been  confirmed  unofficially  by  preliminary  data  from  controlled 
crash  testa  of  lightplanes  conducted  by  the  National  Advisory  Committee  for 
Aeronautics.  In  these  NACA  tests,  mean  decelerations  of  25g  occurred  for  .05 
seconds,  with  peak  loads  between  30  and  35g  for  .02  seconds. 
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section  iv 


APPENDICES 


APPENDIX  / 


THE  SCOPE  OF  THE  STUDY  AHO  THE  SELECT ! ON  OF  CASES 


I.  Sources  of  Crash  injury  Research  Data 

Accident  data  used  in  this  stvdy  were  extracted  from  accident  re- 
ports completed  and  forwarded  to  Crash  injury  Research  by  accident  investi- 
gators of  the  Civil  Aeronautics  Board,  State  Aeronautics  Comm  i ss  i o..»  and  State 
Police  organizations.  Completed  CiR  acc  ident-  1 n j u r y reports  include  photo- 
graphs of  general  wreckage,  the  crash  scene,  cockpit  and  cabin  interiors, 
seats,  seat  attachments,  control  wheels  and  other  objects  which  may  have 
caused  injury.  Medical  data  is  based  on  reports  by  physicians  and  medical  of- 
ficers having  charge  of  injured  persons.  These  CiR  medical  reports  request 
specific  statements  with  respect  to  bruises  of  the  hips  and  abdomen  from  safe- 
ty belts,  evidence  of  internal  injuries  (abdominal  and  thoracic),  chest  inju- 
ries caused  by  control  wheels,  and  periods  of  unconsciousness  with  related 
evidence  of  concussion. 


2.  General  Hature  of  the  Accidents  Supplying  Data 

The  crashes  furnishing  material  for  this  study  occurred  in  civilian 
and  surplus  military  aircraft  having  « gross  weight  of  iOOD  to  3500  pounds. 
The  accidents  for  the  most  part  represent  run-of-the-mill  surv i v*b / • crashes 
in  private  flying  with  impact  velocities  ranging  up  to  iOC  mph.  included  are 
stall-spin  accidents,  vertical  or  high-angle  collisions  with  the  ground,  im- 
pact with  the  ground  following  collisions  with  trees  or  high  tension  wires, 
cartwheeling  accidents,  low-angle  accidents  such  as  flying  into  snow  covered 
grou'.d,  belly  landings,  and  other  accidents  incident  to  take-off,  flight  and 
I and ing. 


impact  velocities  and  stopping  distances  in  hundreds  of  severe 
I ightplane  crashes  analyzed  by  Crash  injury  Research  suggested  that  survivors 
had  been  exposed  to  average  decelerations  in  the  order  of  25g.  Preliminary 
data  from  three  controlled  I ightplane  crash  tests  conducted  by  the  National 
Advisory  Committee  for  Aeronautics  apparently  substantiate  Crash  Injury  Re- 
search computations:  these  NACA  data  indicate  that  50  mph  spin-stall  type 

crashes  of  lightplanes  produced  decelerations  in  the  order  of  25  to  30g  for 
approximately  .05  seconds  with  rates  of  onset  up  to  I 500g  per  second  -without 
extensive  collapse  of  cabin  structures. 


3.  Elimination  of  Data  Not  Pertinent  to  the  Study 

Eliminations  were  made  from  case  records  on  1258  persons  in  CiR 
files.  These  eliminations  were  made  as  follows: 


Fatalities:  Records  on  persons  killed  in  accidents  were  omitted  from  the  study 


tine*  complete  autopsiss  are  rarely  performed  on  civilian*  who  are  killed 
in,  or  die  shortly  after,  aircraft  accidents.  Consequently,  the  validity  of 
post-mortem  data  on  fatally  injured  persons  is  often  in  doubt,  particularly 
with  regard  to  injuries  of  the  spine,  brain  lesions,  and  other  internal 
damage. 


"Minor*  and  "Extreme*  Accidents:  Records  on  persons  involved  in  accidents  classi- 

fied by  CfR  as  *ainor”  or  "extreme*  in  nature  were  eliainated.  Accidents 
teraed  *ainor*  are  such  that  there  is  virtually  no  daaage  to  the  aircraft 
and  the  degree  of  force  involved  is  relatively  negligible.  Usually  in 
"ainor*  accidents  there  is  no  significant  exposure  to  injury.  Accidents  on 
ihe  other  end  of  the  accident-severity  scale  - 'extreme*  accidents  - often 
are  so  severe  as  to  involve  virtual  disintegration  of  both  aircraft  and 
occupants,  so  that  data  is  not  useful  for  studying  causes  of  injury.  The 
cases  remaining  for  study  consisted,  therefore,  of  “survivable*  accidents  - 
ranging  in  severity  from  'moderate*  to  'extremely  severe*  - in  which  cock- 
pit or  cabin  structures  remained  substantially  intact. 


Inadequate  Evidence:  Elimination  of  esses  was  made  when  safety  belts  had  been 

burned,  or  when  other  evidence  which  might  be  helpful  in  determining  injury 
causes  was  destroyed.  Also,  cases  which  were  not  coaq>letely  reported,  either 
in  accident  or  medical  details,  were  eliainated. 


The  above  eliminations  left  I06H  cases  of  survivors  for  study.  From 
these  were  eliminated  the  records  of  25  survivors  in  whose  cases  it  was  un- 
certain whether  or  not  belts  had  been  worn,  or  where  shoulder  harness  had  been 
used. 


The  actual  cases  retained  for  study  were  1039  in  number.  The  1039  sur- 
vivors were  involved  in  670  crashes,  and  of  these  1039  survivors  i 000  had  used 
their  safety  belts,  and  39  had  not. 

For  convenience  in  tallying,  the  1039  case  records  were  divided  into 
four  almost  equal  sample  groups.  The  method  used  in  establishing  these  sam- 
ple groups  was  identical  with  that  prescribed  by  statisticians  for  ClR's  re- 
port 'The  Site,  Frequency  and  Dan ge rou snes s of  Injury  Sustained  by  800  Survi- 
vors of  Lightplane  Accidents*.  The  i 03 9 cards  representing  i 039  survivors  were 
sorted  into  10  piles,  each  of  which  represented  the  final  digit  of  the  assigned 
case  number.  These  10  piles  were  then  dealt  out  in  sequence  into  four  approxi- 
mately equal  groups.  During  the  course  of  the  study,  when  various  tallies  were 
made,  it  was  found  - as  had  been  expected  from  experience  with  the  above-nemed 
report  - that  each  of  the  four  samples  in  many  respects  resembled  one  another. 
There  is  some  suggestion  that  data  such  as  thst  explored  in  this  report  might 
in  the  future  be  based  on  one  small  sample  which  is  representative  of  the  lar- 
ger group  of  cases  on  file. 
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APPENDIX  2 

INJURY  DATA 


I.  All  Degree*  of  Body  Injury 


HEAO 

NUMBER  OF  SURVIVORS  WITH: 

1 OOO  USERS 
or  Belts 

39  Non  -use  rs 
or  Belts 

Total 

SURV IVORS 

Any  injury  involving  the  heao 

797 

34 

631 

NECK 

Any  injury  or  the  neck  (cerv. spine  inj.  included) 

60 

3 

63 

INJURIES  or  the  neck  without  cervical  spine  injury 

36 

2 ' 

36 

Any  injury  or  the  upper  torso  (oors. spine  in  j . i ncluoe  d ) 

200 

6 

206 

UPPER 

INJURIES  or  OORSAL  SPINE  ONLY  (NO  OTHER  U . TORS  . IN  J-JR  1 ES  ) 

23 

1 

24 

TORSO 

INJURIES  OF  DORSAL  SPIME  WITH  OTHER  U.  TORSO  INJURIES 

6 

\ 

7 

INJURIES  or  UP'ER  TORSO  ■ 1 TH  OU  T OORSAL  SPINr  INJURIES 

171 

4 

175 

Any  injury  or  the  lower  tor<o  (lumr. spine  inj.  included) 

240 

B 

246 

LOWER 

injuries  or  luhrar  spine  only  (noother  l. torso  injuries) 

95 

1 

96 

TORSO 

Injuries  or  lumiar  spine  with  other  l. torso  injuries 

21 

1 

22 

Injuries  or  lower  torso  without  lumiar  spine  injuries 

124 

6 

130 

EXTREMIT. 

Any  injury  involving  1 or  more  or  the  arms  or  legs 

590 

24 

614 

Any  spine  injury  (cervical,  dorsal  or  lummr 

160 

4 

164 

Any  injury  or  the  lumiar  spine 

116 

2 

118 

SPINE 

Any  injury  or  the  oorsal  spine 

29 

2 

31 

Any  injury  or  the  cervical  spine 

24 

1 

25 

2.  Dangerous  Degrees  of  Body  Injury 


HEAD 

NUMBER  OF  SURVIVORS  WITH: 

1 000  USE  RS 
or  Belts 

39  Non  -Users 
or  Belts 

Total 
Survi VORS 

Dangerous  heao  injuries  (skull  r mac  ruftE  s . *ra  in  lesion;^  } 

1 53 

16 

169 

UPPER 

Torso 

INTRA  . THORACIC  INJURIES 

22 

0 

22 

LOWER 

TORSO 

1NTRA  .A  ROOM  INAL  INJURIES 

33 

1 

34 

SPINE 

Any  oangerous  spine  injury 

100 

2 

102 

Enti  re 
Body 

Any  dangerous  injury  in  any  vital  rody  area 

265 

21 

306 
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appendix  z 

(cont  tnued) 


3.  Csuses  of  Lowsr  Torso  Injury  A»ong  iOOO  Bolt-Ussrs 


NUMBER  OF  SURVIVORS  PITH 


Any  injury  or  the  imi>  torso  ( l .$ p . inj . inc luoc d ) 

INJURIES  or  THE  LUMBAR  SPINE  ONLY  (NO  OTHER  INJURY) 

Injuries  or  the  lumbar  spine  with  other  l. torso  inj. 
Injuries  or  lower  torso  without  lumb. spine  injuries 
Injuries  to  the  suttocxs.  perineum,  genitalia 
Injuries  to  the  pelvic  bones  and/or  articulations 
External  injury,  nips  ano/or  abdomen 

INTRA -A  BDOMINAL  INJURY 


INJURY  CAUSED  BY 


Contact  with 

OBJECT  OR  BY 
TRANSMI TTAL 

or  rower 


APPENDIX  3 


STATISTICAL  TESTS 

The  analyse  uaed  in  this  study  ara  based  on  Chi-square  tests1.  Repeated  Chi- 
square  tests  on  the  sane  dsta  Must  be  viewed  with  sos«  caution.  Since  the  significance  level 
used  here  would  lead  to  errors  once  in  20  tines  under  the  Null  Hypothesis,  and  since  there 
are  6<t  Chi-squares  used,  a few  of  the  significant  results  night  be  Misleading.  However,  a 
notable  feature  of  the  data  for  this  report  is  the  consistent,  logical  and  coherent  pattern 
of  evidence.  Because  of  this  pattern,  the  whole  of  the  Chi-square  evidence  is  stronger  than 
its  individual  parts. 


Tests  I snd  2 

SEVERE  SNUBBING  ACTION 
OF  SAFETY  BELTS 

Test  i 


The  Occurrence  of  intra-Abdoninal  injury  in 
Relation  to  Severe  Snubbing  Action  By  Safety  Belts 


NUMBER  OF  SURVIVORS 

W 1 THOU  t 

W ! TH 

Total  number 

1 NTRA • A 00  OM INAL 

IN  TRA  .A  SDOMINAL  OE 

Survivors  Using 

INJURY 

1 N JURY 

Safety  Belts 

Without  Evioencc  or 

Severe  Snussing  Action 

8v  Belts 

B91 

29  (3.2%) 

920 

With  Evioence  or 

Severe  Snussing 
Action  by  Belts 

76 

4 (5.0%) 

60 

total 

967 

33 

1000 

Difference 

+•  1 .8% 

CH  1 .SQUARE 

.34 

P-VALUE 

. 56 

Test 

2 

The  Occurrence  of  Lunbar  Spine  injury  in 

Relation  to  Severe  Snubbing  Action  by  Safety  Belts 

NUMBER  OF  SURVIVORS 

m 1 THOU  T 

m i th  or 

Total  Number 
Survivors  using 

Lumbar  Seine  injury  Lumbar  Seine  Injury 

Safety  8clts 

without  Evidence  or 
Severe  Snussing 
ACTION  tv  8c  LTS 

611 

109  (11.8%) 

920 

■ i th  Evioencc  or 
Severe  Snussing 
Action  sy  belts 

73 

7 ( 8.8%) 

60 

TOTAL 

684 

1 16 

1000 

Oi  rrc RCNCC 

- 3.0% 

CM  1 -SOUARC 

.397 

P-VALUE 

. S3 

'YATIS’S  CORRECTION  FOR  CONTINUITY  WAS  USEO  IN  ALL  Cm|. SQUARE  calculations. 


30 


Test  3 


The  Occurrence  of  Lumbar  Spine  Injury  in 


Relation 

to  the  Occurrence 

of  Intra-Abdoalna!  injury 

NUMBER  OF  SURVIVORS 

Total  Number 

W 1 TMOUT 

WITH  OF 

Survivors  using 

Lumbar  Scire  Injury 

Lumbar  Sfine  injury 

Safety  Belts 

WITNOUT  1 N TRA  « A ROOM  1 • 

NAL  INJURY 

662 

105  (10.9*) 

967 

WITH  INTRA  .A  SOON  INAL 

Injury 

22 

H (33.3*) 

33 

total 

884 

116 

1000 

D 1 FFERENCE 

a 22.4* 

CM  1 -SOUARE 

1 3.76 

P-YALUE 

< .001 

Test  4 

The  Occurrence  of  Dangerous  Lower 
Torso  Injury  in  Relationship  to 
"Belt-Cause"  and  "Ron- Be  It- Cause* 


NUMBER  OF  SURVIVORS 

with  no  Cancerous  ritm  Dangerous 

Lover  Torso  Injury  Lover  Torso  Injury 


Total 
Number  of 
Survivors 


with  Injuries  Causeo 
by  the  Belt 

64 

■ i tm  Injuries  Caused 

BY  OBJECTS  ANO 

Structures  or  by 
Transmittal  of  force 

72 

TOTAL 

136 

9 (12.3*)  73 

66  (55. 0*)  160 

97  233 


Difference 
Cni .souare 
P-  VA  LUE 


♦ 42.7* 

36 .006 
< .001 
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Tests  6-2*1 

RELATIONSHIP  BETWEEN  THE  OCCURRENCE  OF  INJURY  AND  THE  USE  OR  KON-USE  OF  SAFETY  BEITS 

Test  5 

Any  Injury  of  the  Lower  Torso,  Luabar 
Spina  Injuria*  Included 

NUMBER  OF  SURVIVORS  without  sun  Total  Numsea 

Love  a Toaso  Injuay  Losca  Toaso  Injuay  of  Suavivoas 

using  Belts  76C  240  (24. OK)  1000 

not  Using  Belts  31  B (20.5K)  39 

TOTAL  791  240  1039 

DlFFEAENCE  - 3.SK 
Chi-souaae  .095 

P * VALUE  .75 


Teat  6 

Injuries  of  the  Luabar  Spina  Only 
(no  other  lower  torso  injuries) 

NUMBER  OF  SURVIVORS  WITH  NO  WITH  Total  NUNSEA 

LUNBAA  SrtNE  INJUAV  LUX  AAA  SPINE  'NJtlAV  OF  SUAVIVOAS 


Using  Belts  905  95  (9.SK)  1000 


NOT  USING  Belts  38  I (2.SK)  39 


TOTAL  943  98  1039 


OlFFEAEACC  - 6 . SK 
Chi  -squaae  I .68 
P .VALUE  .19 


Test  7 

Injuries  of  the  Luabar  Spine  With 
Other  Lower  Torso  Injuries 


NUMBER  OF  SURVIVORS 


Lumvaa  Spine  Injuay  luhiaa  Spine  Injuay 


Total  Nunaea 
of  Suavivoas 


Using  Belts 


21  (2.  IK) 


not  us ing  Belts 


t (2.6K) 


DlFFEAENCE  + . 5K 

Chi.souaae  0 

P-  VALUE  1.0 


i 


fist  8 


! 

| 

! 

f 

injuries  of  the  Lower  Torso  Mithout 
Luabsr  Spine  Injuries 


NUMBER  OP  SURVIVORS 

V 1 TMOUT 

Love*  Torso  Injury 

V 1 TH 

Love*  Torso  injury 

Total  numrer 
of  Survivors 

UStNS  Belts 

87* 

124  (12. 41) 

1 000 

j 

Not  us  ins  Belts 

S3 

6 (IS. 4*) 

39 

1 

• TOTAL 

j 

SOS 

130 

103  9 

i 

1 

i 

Di  fference 
Cm l . soua re 

P. VALUE 

4 3.0« 
.12 
.73 

Test 

9 

Intrs-Abdoeilnal  injuries 

NUMBER  OF  SURVIVORS 

V t TH  OU  T V 1 TH 

INTRA -A  ROOM  INAL  INJURY  ! K TR A • A BO  OM  1 N A L INJURY 

Total  Numrer 
of  Survivors 

usino  Belts 

967 

33  (3.3%) 

1000 

Not  us  ins  Belts 

38 

1 (2 .6%) 

39 

TOTAL 

1005 

34 

1 039 

Difference 

Cm  1 - SQUARE 
p.  VA  LU* 

- .7* 

0 

1 .0 

Test  10 

Any  Injury  of  the  Upper  Torso,  Dorse! 
Spine  Injuries  Included 


NUMBER  OF  SURVIVORS 

W 1 TMOUT 

upper  Torso  Injury 

UPPER 

• 1 TM 

Torso  Injury 

Total  numrer 
of  survivors 

Us  in c Bn  M 

780 

220 

(22.0%) 

1000 

not  us  ins  Belts 

33 

6 

(1  5.4*) 

39 

TOTAL 

813 

226 

I 039 

Di  ffe  rence  - 6 .6* 

Cm  I • SQUARE  .68 

P-VALUE  .41 


33 


Teat  II 


Injuries 

of  the  Dorsal  Spina  Only 

(no  othe 

r Upper  Torso  injuries) 

NUMBER  OF 

SURVIVORS 

» 1 THOUT 

• 1 TH 

Dorsal  Srine 

Injury  Dorsal 

Srine  Injury 

us  INC  Belts 

877 

23 

(2  .3*1 

NOT  US  INC 

Be  lts 

38 

1 

(2  .6%) 

TOTAL 

91  5 

24 

Difference  4 .3% 

CH  I ’SQUARE  0 

P- VALUE  t .0 


Teat  12 

Injuries  of  the  Dorsal  Spine  With 
Other  Upper  Torso  Injuries 


NUMBER  OF  SURVIVORS 

• ITMOUT 

Dorsal  Srine  Injury 

Dorsal 

« ITM 

Srine  Injury 

Us  Inc  Belts 

994 

6 

( .6*) 

Not  Us  inc  Be  ltS 

38 

1 

(2  .6*) 

total 

1032 

7 

Difference  + 2 .0% 
Chi-iouue  .22 

P-VALUE  .64 


Test  13 

Injuries  of  the  Upper  Torso  Nithout 
Dcrs*.!  Spine  Injuries 


NUMBER 

OF 

SURVIVORS 

W 1 THOUT 

Urrer  Torso  Injury 

Urrei 

• 1 TH 

Torso 

US  INC 

Belts 

82  9 

171 

(17. 

Noi  Us 

INC 

Belts 

35 

4 

(10. 

TOTAL 

864 

175 

Dl  FFERENCE 
CM  1 .SQUARE 
P - VA  LUE 

- 6 .8% 

.85 

.36 

31 


Total  Number 

or  Su  a v 1 voas 

I 000 

39 

1039 


Total  Number 
of  Survivors 

1 OOO 

39 

103  9 


Total  Number 
of  Survivors 

1 000 

39 

103  9 


Teat  1“ 

Intra-Thoraclc  tnjuriea 


NUMBER  OF 

SURVIVORS 

r 1 thouT 

1 N TRA  . THOU* C 1 C INJURY 

R 1 TM 

In  tra  - Tmorac  I c Injury 

Total  Numier 
of  Survivors 

US  INC  BELTS 

978 

22  (2  .2%) 

1 000 

NOT  US  INC 

Be  lts 

39 

0 ( 0*  ) 

39 

total 

1 01  1 

22 

103  9 

Difference 
Chi. square 
P*  VALUE 

- 2 .2% 
.12 
.73 

Test 

15 

Any  Injury  of  the  Keck  (Cervical 
Spine  Injuries  Included) 

NUMBER  OF 

SURVIVORS 

•ithout 
neck  Injury 

R 1 TH 

NECK  INJURY 

Total  Numier 
of  Survivors 

Us  inc  Belts 

940 

60  (6.0%) 

1000 

Not  us inc 

Belts 

36 

3 (7.7%) 

39 

total 

976 

63 

1 039 

Difference 

Cm  1 -SOUARE 
P-VA  LUE 

•k  1 .7% 
.03 
.86 

Teal 

io 

Injuries  of  the  Keck  Without 
Cervical  Spine  Injuries 

NUMBER  OF 

SURVIVORS 

R 1 THOU  T 
Neck  injury 

R 1 TH 

NECK  INJURY 

Total  numier 
of  Survivors 

Usinc  Belt 

964 

36  (36%) 

t 000 

NOT  US  INC 

Belts 

37 

2 (5.1%) 

39 

total 

1001 

38 

1039 

Difference 

+ 

1 . 5% 

Cm  i -souare 

P-VALUE 

> 

.004 

.92 

35 


Te*t  P 

Any  Spine  Injuiy  (Cervical,  Dorsal  or  Lunbar) 


NUMBER  OF  SURV;VOf?S 

« 1 THOU  T 
Spine  Injury 

V | TH 

$P  INC  INJURY 

Total  number 
or  Survivors 

inc  Belts 

6 40 

160 

(16.0%) 

1 000 

Not  using  belts 

35 

4 

(1  0.3%) 

39 

total 

e?5 

164 

1 03  9 

0 1 r FE  RENCE 
Ch  1 - SOUA  RE 
P - VA  LUE 

- 5.7% 
. 52 
.47 

Test  18 

Dangerous -to- I ife  Spine  Injuries 


NUMBER  OF  SURVIVORS  without  with  Total  Number 

Dangerous  Spine  injuri  Li  an  ge  a ous  Spine  Injury  or  Survivors 


Us  inc  Belts 

900 

100 

iiO.O%) 

1 000 

Not  us  inc  Belts 

37 

2 

( 5.1%) 

39 

TOTAL 

937 

1 02 

103  9 

Ol FFERENCE 
Cm  1 . SOUA  RE 
P-  VALUE 

- 4.9% 

.53 

.47 

Test  19 

Any  Injuries  of  thn  Luebar  Spine 


NUMBER  OF  SURVIVORS 

W 1 TH  OU  T 

Lumbar  Spine  injury 

* 1 TH 

Lumbar  Spine  injury 

Total  Number 
of  Survivors 

Using  Belts 

BB4 

116  (11  .6%) 

1 000 

not  using  Belts 

37 

2 ( 5.1%) 

39 

total 

921 

1 1 8 

I 039 

o i r EE  REN  CE  -6.5% 
Cm i .square  .95 

P. VALUE  .33 


36 


Test  20 


Any  Injuries  of  the  Dorsal  Spine 


NUMBER  OF  SURVIVORS 

S 1 THOU  T 

W 1 TH 

Total  Number 

Dorsal  Spine  injury 

Dorsal  : 

Spine  injury 

of  Survivors 

Using  Belts 

971 

2 s 

(2 . 9%) 

■ 000 

Not  US  INC  BE  LTS 

37 

2 

15.1%) 

39 

TOTAL 

1 008 

3 1 

1 03  9 

Difference 

+ 

2 .2% 

Ch 1 .SQUARE 

.08  5 

P- VA  LUE 

.76 

Test 

21 

Any  Injuries  of  the 

Cervical  Spine 

NUMBER  OF  SURVIVORS 

• 1 THOU  T 

W 1 TH 

Total  number 

Cervical  Spine  injury 

Cfrv  1 CAL 

Spine  Injury 

of  Survivors 

Using  Belts 

976 

24 

(2.4%) 

1000 

not  us  ing  Bel  ts 

38 

i 

(2.5%) 

39 

total 

1 014 

25 

103  9 

D 1 FF  ERENCE 

.1% 

Ch 1 -SOUA RE 

0 

P-VALUE 

1 .0 

Test 

22 

Any  Injury  of 

the  Head 

NUMBER  OF  SURVIVORS 

WITHOUT 

W 1 TH 

Total  Number 

Head  injury 

He  a o Injury 

of  Survivors 

Using  Belts 

6 1 8 

382 

(38.2%) 

1000 

Not  us ing  Belts 

6 

33 

(84.6%) 

39 

TOTAL 

624 

41  5 

1 03  9 

D 1 FFE  RENCE 

+ 46 .4% 

Cm  1 .SOUA  RE 

31  .8 

P. VALUE 

< .001 

37 


T>.  * 0* 


Oanjerous-To-Li  fa  Head  Injuries 


NUMBER  OF  SURVIVORS  RITMOU*  OtNWtOUl 

HKO  !*-JURY 


( ITm  Dangerous 

hLAO  INJURY 


Total  nuhser 
of  Survivor* 


U*  inc  Belts 


B 47 


t S3  (I  5.3*1 


I OOO 


N OT  Us  INC  BE  LTS 


23 


16  ( 4 1 . 0%) 


39 


TOTAL  870 


16  9 


1039 


Different  +.  25.7% 
Cmi-sOuaml  16.66 
P-VALUE  .<•  .001 


Teat  24 

Serious  and  Critical  (Dangarous-To-L; #e) 
Injuries  of  the  Head  and  Body 


NUMBER  OF  SURVIVORS  WITHOUT  WITH 

Serious  or  Critical  serious  or  Critical 

HEAD  ANC  BODY  INJURIt^  HEAO  ADO  BOOY  INJURIES 


Total 
numser  or 

SURVI  Vi-RS 


USING  BELTS 

71  5 

265 

(26.5%) 

1000 

not  us  inc  Belts 

16 

21 

(53.8%) 

39 

TOTAL 

733 

306 

i 059 

Difference 

CM  1 -SOUARE 
P-VALUE 

+ 25.3% 
10.5 
< .001 

38 


I 


I 


i 

> 

l Tests  25  - 44 

RE  LA  1 1 OMSH I P BETWEEN  THE  OCCURRENCE  OF  INJURY  AND  FAILURE  OF  SAFETY  BELT  INSTALLATIONS 

! 

| Test  25 

i 

Any  Injury  of  the  Lower  Torso,  Lumber  Spine 


i 

Injuries 

Included 

NUMBER  OF  SURVIVORS 

i 

■ 1 TNOUT 

lower  Torso  injury 

■ 1 TN 

Lower  Torso  Injury 

Total  Njhucr 
of  Survivors 

■nosc  Bclt  Installa. 

TION  RCMAINC0  INTACT 

i 

601 

121  (16.8%) 

722 

■nosc  Belt  installa. 
t i on  Fa  1 LCO 

1 16 

103  (46  .6%) 

221 

j 

; total 

71  9 

224 

943 

Difference 
Chi  -souare 
P-  value 

+ 29.8% 
81  .45 
< .001 

Test 

26 

injuries  of  the  Luabar  Spine  Only 
{no  other  Lower  Torso  Injuries) 


NUMBER  OF  SURVIVORS 

» 1 THOUT 

Lumsar  Spine  injury 

Lumsar 

• 1 TH 

SPINE  INJURY 

Total  numser 
of  Survivors 

•nosc  Belt  installa. 

TION  RCMAINEO  INTACT 

704 

18 

( 2.5%) 

722 

• hose  Belt  Installa. 
TION  FA  1 LEO 

148 

73 

(33.0%) 

221 

TOTAL 

852 

91 

943 

• 

0 1 FFE  RCNCC 
Cm  1 -SOUARE 
p.  VALUE 

+ 30.5% 
177.1 
< .001 

Test  27 

Injuries  of  the  Luabar  Spine  With 
Other  Lower  Torso  injuries 


NUMBER  OF  SURVIVORS 


• Most  BELT  INSTALLA- 
TION remained  Intact 

•nosc  Bclt  installa. 
tion  Fa  I LCD 


total 


• I THOU  T 

Lumsaa  Spine  injury 

716 

21  0 
92  6 


• I th 

Lumsaa  Spine  Injury 

6 ( .8%) 

II  (4.9%) 

17 


Total  Numrcr 
Survivors 


722 


221 

943 


OirrtRiNCt 
Cm  i . square 
P- VA  LUt 


39 


4-  4.1% 

13.9 
< .001 


r 


Test  28 

Injuries  of  the  Lower  Torso  Without 
Lumber  Spine  Injuries 


NUMBER  Of  SURVIVORS 


V I TMOL  T t 1 TH 

LOVE  ft  TORSO  INJURY  LOVER  TORSO  INJURY 


Total  Nunsir 
or  Survivors 


VN  OS  C BELT  INSTALLA- 
TION REMAINED  INTACT 


vmose  Belt  installs. 
TION  Fa  I LEO 


79  (10.9%) 


37  (16.7%) 


Difference  4 5.e% 
Cmi-souare  4.6 
P-VALUE  .03 


Test  29 

lntre-Abdo*inal  Injuries 


NUMBER  OF  SURVIVORS 


VI  THOU  T V I TH 

Ik  tra  .a  room  inal  Injury  Intra -a  vdom  ira  l Irjury 


Total  Numrer 
of  Survivors 


vnose  Belt  InsTalla. 
TION  REMAINEO  INTACT 


15  (2.1%) 


vnose  Belt  installa. 
ti on  Fa ileo 


12  (5.4%) 


0 I F Fc  RE  MCE  4-  3 .3% 
Cmi-souare  5.67 

P-value  .02 


Test  30 


Any  Injury  of  the  Upper  Torso,  Dorse! 
Spine  Injuries  Included 


NUMBER  OF  SURVIVORS 


V I THOU  T V I TH 

upper  Torso  Injury  Upper  Torso  injury 


Total  numver 

of  SURVIVORS 


vnose  Belt  installs- 
TIOR  REMAINEO  INTACT 


126  (17.7%) 


vmose  Belt  installs. 
T I on  FA  I LEO 


70  (31  .7%) 


Difference  4 14.4% 
Cmi-souare  33.21 
P-value  < .001 


injuries  of  the  Dorssl  Spin#  Only 
(no  other  Upper  Torso  Injurips) 

NUMKR  Of  SURVIVORS  IITNOUT  WITH  TOTAL  NUMSER 

Dorsal  Smnc  Injury  Dorsal  Spine  injury  of  Survivors 


rnose  Belt  installs, 
t t on  rebainio  Intact 

7 07 

1 5 

(2.1%) 

722 

rnose  Belt  installs, 
t 1 on  Failed 

2IS 

5 

(2.3%) 

221 

TOTAL 

923 

20 

943 

Dl FFERENCE 
Chi  -souare 
P.  VALUE 

+ .2% 
0 

1 .0 

Tost  32 

Injurlss  of  th&  Sorsst  Spin#  Kith 


Other  Upper  Torso  Injuries 

NUMBER  OF  SURVIVORS 

RITNOUT 

Oorsal  Spine  Injury 

R 1 TN 

Dorsal  Spine  injury 

Total  numser 
of  Survivors 

rnose  Belt  Installs. 

TION  REMAINED  INTACT 

717 

5 (.7%) 

722 

rnose  Belt  Installs, 
tion  Faileo 

221 

0 ( 0%) 

221 

TOTAL 

938 

5 

943 

0 IFFERENCE 

Cni  .souare 
P-  VALUE 

- .7% 
.45 
.50 

Tost  33 

Injuries  of  tho  Upper  Torsv  Without 
Dorssl  Spine  Injuries 


NUMBER  OF  SURVIVORS 


• ITMOUT 

upper  Torso  Injury 


* I TM 

Upper  Torso  injury 


Total  Numrer 
op  Survivors 


•nose  Belt  installs. 

t i on  remaineo  intact  SIS  IOS  (15.0%) 


722 


•hose  Belt  installs, 
t i on  Fa  i leo  I 5S 


0 5 (2  S .4%) 


221 


173 


Difference  4 is. 4% 
Cmi-souare  22. If 
P.  value  < . OOI 


TOTAL 


770 


043 


I 


I 


fr 

s 

i 


To»t  31 

intra-Thoracle  Injuriaa 


NUMBER  Of  SURVI  VORS 


WITHOUT  WITH 

INTRA-  THORACIC  INJURY  1 N TRA  . TM  ORA  C I C INJURY 


Total  Nun  re  a 
or  Survivors 


wnose  Belt  in-talla. 

TION  RENAINCO  INTACT 

712 

:o 

<;  .4%i 

722 

WHOSE  Belt  installs- 

TION  fA  1 LEO 

213 

8 

(3.8%) 

221 

TOTAL 

•2  5 

18 

•43 

Difference  + 2.2% 
Chi-square  3.34 

P- VALUE  .06 


Teat  35 

Any  Injury  of  the  Neck  (Cervical 
Spine  Injuriea  Included) 


NUMBER  OF  SURVIVORS 

WITHOUT 
NECK  INJURY 

W 1 TH 

Neck  Injusy 

Total  Nunser 
of  Survivors 

whose  Belt  Installa- 
tion AC  HA  INED  INTACT 

885 

37 

(5.1%) 

j 

722 

whose  Belt  Installa- 
tion Failed 

203 

18 

(8.!%) 

'1 

221 

TOTAL 

888 

55 

•43 

CH  1 -SQUARE 
P-VALUE 

4 3.0% 
2 .7? 
.13 

1 

Test  38 

I 

injuries  of  the  Neck  Mithout 
Cervical  Spine  injuries 


NUMBER  OF  SURVIVORS 

W 1 THOUT 

Neck  injury 

Wl  TN 

NCCK  INJUAY 

Total  Nunser 
of  survivors 

whose  Belt  installa- 
tion REMAINEO  INTACT 

897 

25 

(3.5%) 

722 

WHOSE  BELT  INSTALLA- 
TION Failed 

21 1 

1 0 

(4.5%) 

221 

t 

TOTAL 

• 08 

35 

•43 

s 

f 

i 


Dl  FFE  RENCE 
CM  I -SQUARE 
•-VALUE 


12 


t .0% 
.28 

.80 


I 


Test  37 

Any  Spine  Injury  (Cervical,  Dorsal  or  Uabar) 


NUMBER  OF  SURVIVORS  WITHOUT  WITH  TOTAL  NUMBER 

Spine  injury  Spine  Injury  of  Survivors 


• hose  Belt  inttalla- 


TION  RENA  INFO  (NTAC* 

CIO 

112 

(15.5*) 

722 

whose  Belt  Installa- 
tion Failed 

tea 

33 

(14.**) 

221 

TOTAL 

7 SB 

145 

943 

Difference 

- .It 

Ch  1 -SQUARE 

0 

P-VALUC 

1 .0 

Teat  38 

Dangeroua-To-Llfe  Spine  Injuries 


NUMBER  OF  SURVIVORS  WITHOUT  WITH  Total  NUMBER 

Oanoerous  Spihf.  injury  Cancerous  spine  injury  or  survivors 


whose  Belt  Installs. 


TION  RE  MA  IRE  0 INTACT 

651 

71 

(9.8*) 

722 

whose  Belt  installa- 
tion Faileo 

2 00 

21 

(9.5*) 

221 

total 

85! 

92 

943 

Difference 

CH  1 -SOUARE 
P-VA  LUE 

- .3* 
.00006 
> « 

Teat  39 

Any  Injury  of  the  Luabar  Spine 


NUMBER  OF  SURVIVORS  without  with  Total  Nuhoer 

Luhsar  spine  injury  Lumsar  Spine  injury  of  Survivors 


whose  Belt  installs- 


TION  RE  MA  INE  0 INTACT 

63N 

24 

{ 3.3*1 

722 

whose  Belt  installs. 

tion  Faileo 

197 

84 

(38.0*) 

221 

TOTAL 

835 

108 

943 

Difference  + 34.7% 

Cm  l . SOUA  RE  153.5 
R. VALUE  ^ .001 


<1 


Taat  40 

Any  Injury  of  tha  Dorsal  Spina 


NUMBER  OF  SURVIVORS 

• 1 thout 

Dorsal  Stine  injurt 

• 1 TH 

OORSAL  SFINE  INJURV 

Total  Numrer 
of  Survivors 

• hose  Belt  install*. 

T 1 ON  REMAINED  INTACT 

702 

20  (2.a*> 

722 

•nose  Belt  Ihstalla. 
t 1 on  Failed 

2!i 

5 (2.9*) 

221 

TOTAL 

aia 

25 

449 

Difference 

Cmi-souare 

P.VA  LUE 

- .5* 
.029 
.a* 

Taat  41 

Any  Injury  of  tho  Carvlcal  Spina 

NUMBER  OF  SURVIVORS 

•ITHOUT 

Cervical  Stine  injury 

■ 1 th 

Cervical  Srine  Injury 

Total  Numrer 
of  Survivors 

•none  belt  ihstalla. 

T 1 CM  RCKAINEO  INTACT 

710 

12  (1.7*) 

722 

•nose  Belt  ihstalla. 
t 1 on  Failed 

219 

a <3. e*> 

221 

TOTAL 

B29 

20 

P43 

Difference 
Cm  1 .square 
f.  value 

+ 1 .** 
2 .24 

.14 

Taat  42 

Any  Injury  of  tha  Haad 

NUMBER  Or  SURVIVORS 

• 1 thout 
Head  Injurv 

• ITH 

HEAD  INJURV 

Total  Nunoer 
of  Survivors 

• HOSE  BELT  IHSTALLA. 
T 1 QN  VINA  IN tO  INTACT 

170 

552  ( 7a. 9*) 

722 

•nose  Belt  ihstalla. 
t 1 on  Failed 

2* 

ias  (aa.z*) 

221 

total 

isa 

747 

943 

Difference  -f  1 1 .7% 
Chi-souare  19.52 
F.  value  ^ .001 


M 


I 


I 


Teat  13 

Dangeroua-To-Llfe  Head  Injur  lea 


NUMBER  OF  SUPV  IVORS 

• ithout  Oanseruus 

9 MH 

Dance  Rous 

Total  Numrer 

Head  injury 

* MUD  INJURY 

of  Survivors 

• hose  a<  _t  installa- 

tion  remained  Intact 

649 

73 

(10.1%) 

722 

• hose  Belt  installa- 

tion  Failed 

t 56 

65 

(29.4%) 

221 

TOTAL 

0V9 

138 

943 

Difference  + 19.3* 
Chi-souare  48.98 
P - VALUE  < .001 


Teat  il 

Serioua  and  Critical  (Dangerous-To-Life) 
Injuriea  of  the  Mead  and  Body 


NUMBER  OF  SURVIVORS  without  (ITh  Total 

Serious  or  Critical  Serious  or  Critical  Numrer  of 

head  ano  Boot  injuries  head  ano  Body  injuries  Survivors 


•hose  Belt  installa- 
tion re  ha  info  Intact  596  166  (Z3.0»)  77* 


•hose  Belt  installa. 

tion  Failed  133  86  (39. 8%)  721 


TOTAL  689  254  943 


DlFFERCNCt  4-  16.6% 
CMI-SOUARE  23.4! 
P-VALUE  < .00! 


t 

! 

I 


Te:  *s  MS  - 64 

RELATIONSHIP  BETWEEN  THE  OCCURRENCE  OF  INJURY  AND  PRINCIPAL 
DIRECTION  IN  WHICH  CRASH  FORCE  ACTS 


Test  65 

Any  Type  of  Heed  Daaage 


NUMBER  OF  SURVIVORS 

• 1 THOUT 

W 1 TH 

Total  Numrer 

HEAO  INJURY 

HE 

ao  Injury 

OF  SURVIVORS 

IN  'LONCITUOINAL  FORCE* 

CRASHES 

95 

46  5 

(63. 6*) 

560 

in  'Vertical  Force* 

CRASHES 

30 

66 

(74.1%) 

116 

TOTAL 

125 

571 

696 

DIFFERENCE  - 9. 5% 

Chi-square  s.37 

P- VALUE  .02 


Teat  46 


Serious  and  Critical  Head  Injuries 


NUMBER  OF  SURVIVORS 

•ith  no  Dangerous 

HEAO  INJURY 

* ITH  DAN6CR0US 
MCA D INJURY 

Total  Numrer 
of  Survivors 

IN  'LONCITUOINAL  FORCE* 
CRASHES 

47  5 

105 

06.1%) 

560 

in  ’Vertical  Force* 

CRASHES 

104 

12 

(10.3%) 

116 

TOTAL 

579 

1 17 

696 

Dl  FFERENCE 
CM  1 -SOUARE 
P- VALUE 

- 7.8% 
3.59 
.06 

Test  17 

Serious  and  Critical  (Oangarous-To-Life) 

Injuries  of  the  Head  and  Body 

NUMBER  OF  SURVIVORS  sithout  WITH  Total 

Serious  or  Critical  Serious  or  Critical  Numrer  of 

heao  ano  Boot  Injuries  heao  ano  Boot  injuries  Survivors 


IN  ’lONCITUOINAL  FORCE* 

Crashes 


in  ’Vertical  Force* 
Crashes 


TOTAL 


430 

1 SO 

57 

59 

487 

209 

(25.9%)  SSO 

(50.9%)  116 

696 


♦ 2 5.0% 
27  .67 
< .001 


DirriRCNCE 
Chi -souare 
P- VA LUE 
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Test  1*8 


Any  Injury  of  the  Lover  Torso,  Lunbsr 
Spine  injurite  Included 


NUMBER  OF  SURVIVORS 

■ 1 THOU  r 

Loser  Torso  injury 

f 1 TH 

Loser  Torso  injury 

Tota  l Numrer 
or  Survivors 

IN  ’LONRI  TUO  INAL  FORCE* 
Crashes 

495 

es  (14.7%) 

560 

in  ’Vertical  Force’ 
Crashes 

52 

64  (55. 2%) 

1 16 

TOTAL 

547 

1 49 

696 

0 1 F TERENCE 
C*>  i -SQUARE 
P- VALUE 

+ 40.5% 
92 . 16 
< .00) 

Test  19 

Injuries  of  the 
(no  other  Lower 

Luebar  Spine  Only 
Torso  Injuries) 

NUMBER  OF  SURVIVORS 

■ 1 THOUT 

Lumrar  Spine  injury 

S 1 TH 

Lumrar  Spine  injury 

Tota  l numrer 
of  Survivors 

IN  'L0NS1  TUO  INA  L FORCE* 
CRASHES 

567 

13  ( 2.2%) 

560 

in  ’Vertical  Force’ 

CRASHES 

76 

40  (34.5%) 

1 16 

TOTAL 

643 

53 

696 

Ol  f TERENCE 
CH  1 -SOUARE 
P- VALUE 

+ 32.3% 
I3S.9 
< .001 

Teet  50 

Injurlee  of  the  Umber  Spine  With 
Other  Lower  Torso  Injuries 


NUMBER  OF  SURVIVORS  SITMOUT  WITH  Total  Numrer 

LUMRAR  SPINE  INJURY  LUMRAR  SPINE  INJURY  Of  SURVIVORS 


IN  * LON*  I TuO  INal  FufcCt* 

Crashes  57  7 3 ( . 5%)  5SO 


in  ’Vertical  Force’ 


CRASH" 

106 

10  (S.6%) 

lie 

TOTAL 

6S3 

13 

696 

Difference 

+ e.i% 

Chi-souare  31.37 
P- VALUE  ^ .001 


1*7 


Teat  51 


NUMBER  OF  SURVIVORS 


IN  'LONGITUDINAL  FORCE' 

Crashes 

in  'Vertical  Force* 
Crashes 


TOTAL 


NUMBER  OF  SURVIVORS 

in  'longituoinal  Force' 
Crashes 

in  'Vertical  Force' 
Crashes 

TOTAL 


NUMBER  OF  SURVIVORS 

in  'Longituoinal  Force' 
Crashes 

in  'Vertical  Force' 
Crashes 

TOTAL 


Injuries  of  the  Lower  Toreo  Without 
Lumber  Spine  Injuries 


■ 1 TH  OU  T 

LUMSAR  S * 1 N E INJURY 

» 1 TH 

LUMSAR  Sl'INE  INJURY 

Total  Numser 
of  Survivors 

SI  1 

69  (11.9%) 

580 

10? 

14  (12.1%) 

1 16 

613 

83 

696 

Difference 

Ch  1 -SOUARE 
P-VA  LUE 

+ .2% 
0 

I .0 

Test 

52 

Intra-Abdoainftl  Injuries 

» ITHOUT  V 1 TM 

INTRA -A  SOOMINAL  INJURY  1 N TRA  . A SO  ON  1 N A L INJURY 

Total  numser 
of  Survivors 

564 

16  (2.8%) 

580 

1 07 

9 (7.8%) 

1 16 

671 

25 

696 

Dl FFERENCE 
CH  1 - SOUA RE 
P-VALUE 

-t-  5.0% 
5.77 
.02 

Test 

53 

Any  Injury  of  the  Upper  Torso,  Dorsal 
Spine  Injuries  Included 

W 1 THOU  T 

Uffer  Torso  injury 

• 1 TH 

Upper  Torso  Injury 

Total  numser 
of  Survivors 

4 58 

122  (21  .0%) 

580 

90 

26  (22.4%) 

1 16 

548 

1 48 

696 

Dl  FFERENCE 
CH  1 -SOUARE 
P - VA  LU  E 

4-1.4% 

.038 

.64 

48 


Tati  54 


NUMBER  Of  SURVIVORS 

IN  'LONOI  TUO  INA  L FORCE  ‘ 

Crashes 

in  'vertical  Force- 
Ce*  Jmes 

TOTAL 


NUMBER  OF  SURVIVORS 

IN  * LONOI  TUO  INAL  FORCE' 
Crashes 

in  ’Vertical  Force' 
Crashes 

TOTAL 


NUMBER  OF  SURVIVORS 

IN  'LONCITUO  INAL  FORCE' 
Crashes 

in  'Vertical  Force' 
Crashes 

TOTAL 


Injuria*  of  the  Dorsal  Spine  Only 
(no  other  Upper  Tor*o  Injuries) 


■ I THCU  T 

Dorsal  Seine  injury 


r I TH 

Dorsal  Seine  Injury 


Total  nukrer 
or  Survivors 


576 


4 t .7*: 


580 


107 

683 


9 (7.8%)  MS 

13  696 


Difference  4-  7.1% 

Chi.souare  23.2 
P. value  < .OOt 


Test  55 

Injuries  of  the  Dorssl  Spine  With 
Other  Upper  Torso  Injuries 


* I THOU  T 

Dorsal  Seine  Injury 


» i th 

Dorsal  Seine  injury 


Total  Nuhser 
of  Survivors 


579  I 

114  2 

6 93  3 

D I FFERENCE  +1.5% 

Chi.souare  3.15 

P.  value  ,07 


( .2%)  580 

(1.7%)  116 

696 


Test  56 

Injuries  of  the  Upper  Torso  Without 
Dorssl  Spina  Injuries 


W I thout 

Ueeer  Torso  Injury 


* I TH 

ueeer  Torso  Injury 


Total  Nuuser 
of  Survivors 


46  3 

117 

#70 .7%) 

580 

101 

1 5 

(12.9%) 

1 16 

“1 

IV 

696 

Difference 
Chi .souare 
P- value 

-7.3% 

2.88 

.09 

49 


Teat  57 

Intra-Thorsslc  injuries 


number  rr  scnviyons 

|H  ?* 

» ITHOUT 

a . ThoftAC  tc  Injury 

« 1 TK 

int*a -Thoracic  Injury 

total  Nuhrer 
of  Survivors 

IN  ‘LONS  1 TuO IMA  L FORCE’ 

Crasme  s 

563 

‘.7  (2.9*1 

580 

IN  ‘VERTICAL  FoRCE  * 

Crashes 

1 1 S 

1 i .9*) 

116 

TOTAL 

678 

IB 

696 

Dip fercncf 
Chi  .square 

P-VA LUE 

- i.O* 

.93 

.33 

T*at  55 

An y Injury  of  the  Neck  (Cervical 
Spine  Injuries  included 

NUMBER  Of  SuRVIViao 

¥ 1 TMOUT 

Ncck  Injury 

« ITH 

ncck  Injury 

Total  Nuhrer 
of  Survivors 

IN  ‘LON4ITUU  INAL  F ONCE  * 

Crashes 

543 

37  (6.4*) 

580 

in  ‘Vertical  Force* 
Crashes 

no 

6 (5.2*) 

1 16 

TOTAL 

6 53 

43 

696 

DIE FERENCE 
Cm  l -souare 
p. VALUE 

- 1 .2* 
.073 
.79 

Test  59 

Injuries  of  the  Neck  Without 
Cervical  Spine  Injuries 

NUMBER  Of  SURVIVORS 

* ITHOUT 
Ncck  Injury 

V ITH 

ncck  injury 

Total  Nuhrer 
of  Survivors 

in  ’ Lcmgi  tuo  in»i  Force" 
Crashes 

55S 

22  (3 . 8«) 

580 

in  ‘Vertical  Force’ 
Crashes 

113 

3 (2.6*) 

1 16 

TOTAL 

671 

25 

696 

-1.2* 

.12 

.73 


DtFFfcAtHCE 
CM  f -JOU»»( 
P • VA LUS 
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Test  60 


Any  Spine  Injury  (Cervical,  Dorsal 
or  Lumbar; 


NUMBER  Of  SURVIVORS 

* • thou t 
Seine  Injury 

* 1 TM 

Smnc  Injury 

Total  Nuhser 

$U"*YIVORS 

in  ’ loh'ji  ruo  ii»t  Force" 
Cra  SHE  S 

Sr  I 

3»  (6.7%) 

540 

in  "Vertical  Force" 

CHAJHIj 

60 

56  ( 46.3%) 

116 

total 

601 

95 

696 

DIFFERENCE 
CM  1 .SQUARE 
P-  VA  LI.  E 

4-  41  .6% 

136.9 
< .001 

Test 

61 

Oangerous-To-Life  Spine  Injuries 

NUMBER  OF  SURVIVORS 

« 1 TMOUT  HIM 

Dangerous  Seine  injury  Dangerous  Srine  Injury 

Total  nurier 
or  Survivors 

in  "Longitudinal  Force* 
Crashes 

561 

19  ( 3.3%) 

58  0 

in  "Vertical  Force" 
Crashes 

74 

42  (36.2%) 

116 

total 

635 

61 

696 

Difference 

Cm  | .SQUARE 
P-VA  LUE 

4-  32 .9% 

126.2 
< .00) 

Test 

62 

Any  Injury  of  the  Lumbar  Spine 

NUMBER  OF  SURVIVORS 

• 1 TMOU T 

Lumrar  Srine  Injury 

» 1 TM 

Ljmiar  Srine  Injury 

Tot*  l nurier 
of  Survivors 

IN  ' LONGI TUO INA L FORCE 
Crashes 

561 

! 9 (3.3%) 

560 

in  "Vertical  Force’ 
Crashes 

69 

47  (40.5%) 

1 16 

total 

630 

66 

696 

O i fference  4-  37  .2% 
Cm  i -sou*r»  I S3  .2  5 
P-valuE  < .001 


51 


I 


Jest  63 

Any  Injury  of  the  Porst:  Spine 


N'lluath  CF  SuRYlVCRS  » I »hou  r »it»  Total  NuuSER 

0c»:*.L  3f!H£  INJURY  DO»S«>  OF  I N E INJURY  Of  SURVIVORS 


IN  *1  ori  Kl  TuO  INRL  f ORCC  * 

Crashed  57  5 5 ( .9*)  580 


IN  * VE  RT I CAL  FORCE* 

CRASHES  105  II  (9.5%)  118 


DIFFERENCE  8.6% 

Chi-S0uaae  28.47 

P • V A L U £ < .001 


Test 

64 

Any  Injury  of  the  Cervical  Spine 

NUMBER  OF  SURVIVORS 

R 1 THOUT 

Cervical  ovine  injury 

• 1 TH 

Cervical  Srine  injury 

total  numser 
of  Survivors 

in  'Lonsitud inal  Force* 
Crashes 

5*5 

15  <*.«%* 

580 

in  ’Vertical  Force' 
Crashes 

i 1 4 

2 (1.7%) 

116 

total 

679 

17 

696 

OlffERENCE 

Chi  -square 

P.  VALUE 

- .9% 
.054 

.82 

litjSiSr*;  i »*< ' 


APPENDIX  4 


Seal**  Used  by  Crash  injury  Research  in  Classifying  Degree  of  Bod;  injury 


Statistical  atudlas  dealing  with  trauma  usually  are  concerned  with 
various  aspects  of  Injury  problems,  such  as  numbars  and  ratas  of  'serious*  and 
'fatal*  injuries,  ths  assessment  of  disability,  loss  of  work-time,  or  some 
combination  of  thase  in  torms  of  dollars  and  cents.  The  tarm  'serious  injury* 
has  bean  commonly  used  as  a catch-all  'degree*  for  all  degrees  of  injury  from 
a broken  no*e  to  a depressed  skull  fracture  with  critical  damaga  of  the  brain. 
Actually,  thera  are  many  dagraes  of  survivable  injury,  ranging  from  minor 
bruisas  and  lacerations  through  painful  and  temporarily  disabling  fracturas, 
up  to  truly  'serious*  injuries  which  threatan  Ufa.  Furthar,  'fatal  injury*  as 
a dascriptive  class  is  not  maaningful  for  conveying  the  extent  of  ovaral I bodi- 
ly damage.  'Fatality*  is  In  fact  t state  of  non-baing.  it  does  not  distinguish, 
for  example,  between  fatality  consisting  of  one  aortal  lesion  and  fatality  con- 
sisting of  multiple  injuries  with  complete  crushing  or  disintegration  of  tha 
body. 


Since  Crash  injury  Ressarch  seeks  data  on  causes  of  needless  and  ex - 
cesaive  bodily  injury,  it  has  been  found  desirabls  to  devalop  an  injury  scale 
by  which  various  degress  of  overall  bodily  damage  can  be  more  aasily  defined. 
The  injury-scale  shown  balow  has  been  developed  over  the  past  decada  with  tha 
assistance  of  specialists  and  members  of  the  staff  of  ths  New  York  Hcspital  - 
Cornell  University  Medical  College.  This  scale  is  still  under  davalopment  and 
cannot  be  considered  a measuring  device  for  sariousnass  of  injury;  it  is  ra- 
ther, : guiJ*  to  enaoie  acc I den t- I n j u r y analysts  to  assess  the  ovaral I sevarity 
of  gross  bodily  damage.  Ten  progressive  degraes  of  injury  are  outlined  in  tarme 
of  simple  key  words  and  phrases.  Some  examples  of  typical  injuries  are  provided 
to  serve  as  guides  to  tha  ten  degrees  of  injury,  it  will  ba  noted  that  many 
types  of  injuries  are  not  Included  as  examples;  these  injuries  have  notoccurrad 
with  sufficient  frequency  to  require  specific  listing.  Mhen  exceptional  typas 
of  injury  occur,  medical  consultants  have  had  no  difficulty  in  assigning  thar 
to  one  of  the  tan  degrees  of  injury-sari ousness  connoted  by  tha  kay  phrases. 
Quite  obviously,  skull  fracture,  with  or  without  concussion,  occurs  with  gr«at 
frequency  and  in  many  gradstlona  of  'seriousness*;  for  this  reason,  injuries  of 
this  type  have  been  listed  for  purposes  of  example  and  guidance. 


A.  * Non-D*ngorou\m  Orgrtrs  of  Injury 

(Degrees  i - q) 


1.  Trivioi  or  Non* 

2.  Uinor 

"Minor"  contusions,  lacerations,  abrasions  in  any  area(s)  of  the  body. 
Sprains,  fractures,  dislocations  of  fingers,  toes,  or  nose.  Dazed  or 


* dASEO  ON  OSSEAVAT IONS  OUIUNC  F I At  T 48  HOURS  AFTER  INJURY  ANO  PREVIOUSLY  NORNAL  LIFE  EXPECTANCY. 

S3 


1 


slightly  stunned.  Mild  concussion  evidenced  by  mild  headache,  with  no 
loss  of  consciousnesr 

Mod* r*  t* 

'Moderate*  contusions,  lacerations,  abrasions  in  any  area  (s)  of  the 
body.  Sprains  of  the  shoulders  or  principal  articulations  of  the  ex* 
trealtles.  Uncomplicated,  simple  or  green-stick  fractures  of  extre- 
mities, jaw  or  malar  structures.  Concussion  as  evidenced  by  loss  of 
consciousness  not  exceeding  S minutes,  without  evidence  of  other  in- 
tra-  cranial  injury. 

S*v*r*  - but  not  d*ng*rous . Surviv*!  norm* tty  »ssur»d. 

Extensive  lacerations  without  dangerous  hemorrhage.  Compound  or  commi- 
nuted fractures,  or  simple  fractures  with  displacement.  Dislocations 
of  the  arms,  legs,  shoulders  or  peivisacral  processes.  Fracture  of 
transverse  and/or  spinous  processes  of  the  spine,  without  evidence  of 
spinal  cord  damage.  Simple  fractures  of  vertebral  bodies  of  the  dorsal 
and/or  lumbar  spines,  without  evidence  of  spinal  cord  damage.  Compres- 
sion fractures  of  L-3-1-5.  Skull  fracture  without  evidence  of  concus- 
sion or  other  intra-cran  ial  injury.  Concussion  as  evidenced  by  loss  of 
consciousness  from  5 to  30  minutes,  without  evidence  of  other  intra- 
cranial injury. 


0.  KD*ng*rous- to~  / / f*"  D*gr**%  of  Injury 
(Degree:  5-6; 

Strtous  - d*ng*rous . but  surviv*!  prohibit. 

Lacerations  with  dangerous  hemorrhage.  Simple  fractures  of  vertebral 
bodies  of  the  cervical  spine,  without  evidence  of  spinal  cord  damage. 
Compression  fractures  of  vertebral  bodies  of  dorsal  spine  and/or  of 
L-l  and  1-2,  without  evidence  of  spinal  cord  damage.  Crushing  of  ex- 
tremities, or  multiple  fractures,  indication  of  moderate  intra-thora- 
cic  or  intra-abdominal  injury.  Skull  fracture  with  concussion  as  evi- 
denced by  loss  of  consciousness  from  5 to  30  minutes.  Concussion  as 
evidenced  by  loss  of  consciousness  from  30  minutes  to  2 hours,  with- 
out evidence  of  other  intra-cran  ial  injury. 

Critic */  • surviv */  uncortt  in  or  doubtful . 

(includes  fatal  terminations  beyond  2>J  hours.)  Evidence  of  dangerous 
intra-thoracic  or  intra-abdominal  injury.  Fractures  or  d isf  ocat  ions 
of  vertebral  bodies  ot  cervical  spine  with  evidence  of  cord  damage. 
Compression  fractures  of  vertebral  bodies  of  dorsal  spine  and/or  L-l, 
L-2,  with  evidence  of  spinal  cord  damage.  Skull  fracture,  with  concus- 
sion as  evidenced  by  loss  of  consciousness  from  30  minutes  to  2 hours. 
Concussion  as  evidenced  by  loss  of  consciousness  beyond  2 hours.  Evi- 
dence of  critical  intra-cran  ia  I injury. 


SY 


C.  "Ft  ft  I"  Dtgrtts  of  Injury 
(Degree*  7-10) 

7.  Ft  ft!  - within  24  hours  of  tecidtnt. 

Fatal  lesion*  in  tingle  region  of  the  body,  with  or  without  other  in- 
juria* to  the  1th  degree, 

8.  Ft  ft/  - within  24  hours  of  tecidtnt. 

Fatal  lesion*  in  single  region  of  the  body,  with  other  injuries  to  5th 
or  6th  degree. 

0.  Ftftl 

Two  fatal  lesions  in  two  regions  of  the  body,  with  or  without  other  in- 
juries elsewhere. 

10.  Ftftl 

Three  or  *K>re  fatal  injuries  - up  to  demolition  of  body. 
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